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‘DRAGON’ REACTOR PROJECT UNDER CONSTRUCTION IN BRITAIN 
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oving Machinery 


e best of earth has to be moved ... to 









progress. 
t the CURTISS-WRIGHT CW-215, 
ing capacity of 42,000 lIbs., a 
1 of 31.2 miles per hour in fifth 
round clearance of 24” under the 


the rugged answer to ali your 





vesuperg and disposing problems 





42,000 

POUNDS 
OF 
GOOD 
Cash Node EARTH 


CWD-214 interchange 
able dumper: 14.0 cu. 
yds. struck, 21.0 cu. 
yds. heaped, 25-ton 
load capacity. 
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Steam Power Stations... 


the Heart of Indust ZZ S 
e Heart of Industry >*@¢ 


2 


SIEMENS have done their share in keeping ‘\\ Y 
the pulse of Indian Industry beating with “p 


Turbo-Generators, supplying electrical power SS 
of over 300 MW from various Power Stations . . 
throughout the country: Durgapur, Rourkela, 

Korba, Khaperkheda, Paras, Kalyan—to 

mention only a few. 


SIEMENS—SCHUCKERTWERKE AKTIENGESELLSCHAFT 
BERLIN .« ERLANGEN 


SOLE REPRESENTATIVES: 


SIEMENS ENGINEERING & MANUFACTURING CO. OF INDIA LTD. 


BOMBAY + CALCUTTA + NEW DELHI *« MADRAS + BANGALORE . VISAKHAPATNAM 
AHMEDABAD + LUCKNOW + NAGPUR +« HYDERABAD + TRIVANDRUM 
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YOU CAN 


DDEFPIEZINID 


ON 





CABLES 


434-1953 
Paramite Rubber Insulated Cables and Flexibles for all Electrical 

2 Purposes and for Working Pressures up to 11,000 Volts. Isr 
[CABLES | 


Manufactured and tested under the strictest supervision by : 


THE INDIAN CABLE COMPANY LTD 


9, HARE STREET, P.O. BOX S14 CALCUTTA 
Representatives in India for 
BRITISH INSULATED CALLENDER’S CABLES LTD 
BRANCHES : 
AHMEDABAD, BANGALORE, BOMBAY, COIMBATORE, JAMSHEDPUR, 


KANPUR, MADRAS, NAGPUR, NEW DELHI AND SECUNDERABAD IC.I7A 
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Precccoon DIAMOND 
Drill Bits 


Coring Bits 
Plug Bits 


Reamers 













Casing Shoes 


We offer our specialised 
RESETTING SERVICE 
for efficient and economical 


RE-USE of Drill Bits 


by our customers. 


MADE IN INDIA FOR. THE FIRST TIME 
BY 
PRECISION TOOLS (INDIA) LTD. 







Address your enquiries to : 


KILBURN & COMPANY LIMITED 


Agency Department, 2, Fairlie Place, Calcutta-! 


Please send “© full details of Drill bits 
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Unit type, Gast iron clad, 





Low Tension SWITCHBOARDS. a7 











A bypical Starter Distribution Board Typical Switchboard incorporating 











incorporating solenoid operated interlocked, high rupturing capacity 
Motor Starters, HRC Fuse Boxes, Switch and Fuse Gear, Busbar 
Busbar Chambers , etc. Chambers, Cable Boxes, etc. 


...now manufactured in India in technical collaboration with 


LAUR. KNUDSEN ELECTRICAL MANUFACTURING CO. LIMITED 


COPENHAGEN, DENMARK 


A complete range of Low Tension Switchboards incorporating 
Switch & Fuse Units, solenoid operated Motor Starters etc. 
can be offered to suit individual requirements. 


JWT-LT, 1005 


LARSEN & TOUBRO LIMITED 


IN SERVICE ul 
ieee P.O. Box 278, Bombay | 
Also at: Calcutta - Madras - New Delhi - Bangalore - Cochin - Ahmedabad 
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The set of three generators above—each generating 
133,000 kVA—is the second largest of its type in 
the world. 


it has been installed in Japan’s newest power 
development project, the Okutadami Power Station. 
The mammoth power transformers with a capacity 
of 300,000 kVA are also destined to boost prosperity 
for homes and industries. 

They were both built by Toshiba, where 45,000 skilled 
scientists and technicians are daily translating 85 
years experience into better living through electronics. 
For information about any type of electrical equipment, 
be sure to consult Toshiba. 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


Tokyo, Japan. Cable: TOSHIBA TOKYO 


Contributing 


to 
your 


better 


living! 








HUBER-WARCO 


MOTOR GRADERS 


for 
Performance and Dependability 





€ “1k. 


472 * 


Huber-Warco Motor Graders of to-day are designed to handle every 
type of surface grading job economically, speedily and with a minimum 
of “down-time” for blade adjustment on the job. The perfect balance 
of weight and power, plus torque converter and power-shaft transmission 
enables the Huber-Warco Motor Graders to handle a large volume of work. 
For every grading job, there’s a right size and type of Huber Warco 
Motor Grader, with various options to further increase its usefulness 


such as the Scarifier, Bulldozer, Eelevating Grader attachment, etc. 











HUBER By l 
BLACKWOOD HODGE BLACKWOOD 
WARCO HODGE 





BLACKWOOD HODGE (INDIA) PRIVATE LTD. 


Associated Companies Branches Works and Agencies throughout the world 
aM 6/4 
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To Produce Electricity at Hydropower or 
Steam Power Stations 











Sole Agents in India 
INDUSTRIAL GASES LTD., (Engineering Division ) 


138, Canning Street, P.O. Box No. 853, CALCUTTA - | 
Branches : P. 0. Box 373, KANPUR P.O. Box 622, NEW DELHI. 








TRADE REPRESENTATION OF THE U.S.S.R IN INDIA 


Exporters 
BOMBAY : New Delhi—2 
VIO MACHINE PORT ee ecto meng’ Plot Nos. 6&7, Block 50-€, NyayaMarg CALCUTTA Branch: 
MOSCOW » Pedder Road. Chanakyapuri. 1, Bishop Lefroy Road. 
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More tons are hauled 
by 
Goodyear belts 
than 
any other make 
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INDUSTRIAL RUBBER PRODUCTS BY 


GOODFYEAR 


THE GREATEST NAME IN RUBBER 


PSPS 376 
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HITACHI 
MIGHTY POWER FOR 
THE WATERS OF INDIA 


Closely following the official opening of the Bhakra Power 
Station — equipped with five Francis turbines by Hitachi — of 
the Punjab State Government, Hitachi, Ltd. of Japan has 
completed a 52,000 HP Kaplan turbine for India’s Hirakud 
No. | Power Station. 













, gee” 
Oe ai 


one eENe re ae 








Transportation from Japan to India and installation of the 

new Hitachi turbine — the Hirakud Power Station is 300 miles j Sole Distributor 

west of Calcutta — is on schedule. : William Jacks & Co., Ltd. 
Hitachi's engineers designed this giant Kaplan turbine for a Calcutta - Bombay « Madras - New Delhi 

maximum head of 119 feet, discharge of 5,900 cusecs and a 

speed of 150 rpm, and its special construction is capable of 

resisting massive water pressure. 


i 7 e 
_itachs. td. 
Another powerful link in Hitachi's chain bolstering natural resources 


internationally, Toyo Japan 
Cable Address: “HITACHY" TOKYO 
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CRANES 


The unique feature of the telescopic jib in 
conjunction with luffing and slewing ensures 
the easy handling of awkwardly placed loads. 
A hook replaces the grab in a few minutes 
MOBILITY—SPEED—ACCURACY. 


Models ranging from 2 tons to 4 tons, includ- 








ing the cross country 4 ton—4 wheel drive 











slew crane. 
Full details from 
TRACTORS (INDIA) WILCOX (BUCKWELL- INDIA) aa S Saaee 
LIMITED : 
Post Box 323, Calcutta Post Box 289, New Delhi Post Box ir herr 
Post Box 66, Lucknow New Colony, Jaipur Fou Sen F aetna 


THE HARLAND ENGINEERING CO. LTD. 


Water Turbines — Generators 
Roto & Free Discharge Valves — Trash Rakes 
Roller Feed and Circulating Wate’ Pumps 
Submersible and Shaft Driven Borehole Pumps 


METALOCK (INDIA) PRIVATE LTD. 


Specialised Cold Process Precision Repairs 
To Fractured and Broken Castings and Machinery 


CAMBRIDGE INSTRUMENT CO. LTD. 


Precision Instruments 
For Temperature Measurement & Control 
Electro-Chemical Measurement — Electrical Measurement 


BIRD & CO. (PRIVATE) LTD. 
nee ges nig Seta 


| 
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Prove 
it yourself: 


Snoweem 


waterproots 
all surfaces 
for protection 





‘Snowcem is applied and cured on all four sides and the bottom of one brick. A second brick was untreated. Both bricks 
are kept upright in a water-tank. The water level covers about half of each brick. The surface of uncoated brick 
will quickly absorb water and remain continually wet. The top of Snowcem- protected brick will remain absolutely dry. 


Specify SNOWCEM Decorative 


Waterproof Cement Coating 
—available in 17 attractive colours 


Made by the makers of: 
|mpermo CEMENT WATERPROOFING COMPOUND 
(‘olorerete COLORED PORTLAND CEMENT 


SNOWCEM INDIA LTD. 
P. O. Box 109, Bombay—f. 


Ask for technical service, demonstrations or 
literature available from agents throughout India 


Many days later: The water level is maintained constant by topping up 
after any evaporation loss. The untreated brick is still soaking up water 
and algae or moss may appear. The top of Snowcem-protected brick 
will still be dry if the coating has not been chipped or damaged by rough 
handling or mechanical abrasion. 





Snowcem does not rub, flake or peel off and can be washed. Take the 
Snowcemmed brick out and break it open —you will observe that it is 
dry throughout. 

Applied by brush or by spray. Snowcem protects and decorates: 
Concrete— Most wall and fibre boards — Asbestos cement sheets— Cement] 
sand renderings—Cement/lime/sand renderings —Roughcast and pebble- 
dash—Sand-lime bricks—Stock or facing bricks—Concrete blocks— 
Concrete bricks —Clinker and other lightweight concrete, 





Silvicrete White Cement is the base of Snowcem and Colorcrete. 
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MEET THE 


POWER ANSALDO SAN GIORGIO 
(Italy) 
SHORTAGE 


COMPLETE HYDRO ELECTRIC PLANTS 
GENERATORS & MOTORS 








with 
TRANSFORMERS 
PUMPING SETS 
KIRLOSKAR 
Contact: 
DIESEL _ KAMANI ENGINEERING 
CORPN. LTD. 
GENERATOR " Kamani Chambers, 
Nicol Road, 
SETS Bombay-!. 
SHORT TIME DELIVERY 
3kW and 6kW TENTH ANNIVERSARY SPECIAL 
(Single Phase 230 Volts 50 cycles) NUMBER 
of 
3 kW to 25 kW Single or Three Phase Indian Journal of Power and 


River Valley Development 


Distinguished Contributors include 
Eugene R. Black, V. T. Krishnamachari, 
W. L. Voorduin, Gordon R. Clapp, Sir Josiah 


KIRLOSKAR ELECTRIC co. LTD., Eccles, N. A. Karaulov, Charles Jaeger, P. S. 


BANGALORE - 3 Lokanathan, Hassan Zaky, Koichi Aki, E. S. 


Manufactured by 


Breuvery and many others. 
Price Rs. 10 (postage extra) 


Selling Agents: 


PARRY & CO. LTD., 
Madras - Bombay - Calcutta - New Delhi 


Place your orders with: 
The Manager 


BOOKS & JOURNALS PRIVATE LTD. 


6/2, MADAN STREET, CALCUTTA-13. 
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THE No. 1 CHOICE 
OF THE MINING INDUSTRY 


In recent years 68% of all 
American-made 4.5 to 9 yard electric 
mining shovels bought for use 
throughout the world have been P&H 





P&H has earned such widespread acceptance _is achieved, while realizing economy of 
in the mining industry because of lower power consumption. 
per-ton loading cost. With patented _In the Second Plan period more P&H Crawler- 
MAGNETORQUE hoist drive and electronic Mounted Excavators and Cranes have 
controls, a higher rate of production _ been sold in India than any other make. 
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SOLE DISTRIBUTORS: VOLTAS LIM iTED 


BOMBAY - CALCUTTA - MADRAS - NEW DELHI - BANGALORE - NAGPUR AHMEDABAD - SECUNDERABAD - PATNA 
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For Rugged 
Off-the-road Operations 
Dunlop Offer— 


NEW PATTERN § EARTHMOVER TYRE 


The massive tread bars 

are of special design, 

reinforced to withstand the 

most arduous service conditions. 
Operators keep ahead of schedule 
with this tyre—it gives 
maximum traction with minimum 
power loss. 








Made in India by DUNLOP 


Available in sizes: 18.00-24 18.00-25 
21.00-24 21.00-25 


The Dunlop Rubber Co. (India) Ltd. 





OTC-138 
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BATLIBO! & COMPANY 


REPRESENTING LEADING FRENCH MANUFACTURERS 


ALSTHOM 
NEYRPIC 






i 


KG 
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Compagnie 
yj, C G E [ Générale 
Z * a Bese d’Electricité 
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Z Neyrpic Pelton | 
turbines, each . 
3 ~ 100,000 H.P. at 428 Y 
ge RpM at 3.770 ft. head | 
7, ee | ee directly coupled with % 
Y, REE TR Alsthom alternators ” 
Y pi cet ape 80,000 KVA, 10.500 V. y 
y BATLIBOI & COMPANY Gentes feat i 
=e House (France) Z 
y Bhogilal Leherchand Private Ltd. j - 
7 Forbes Street, Fort, Bombay-! ; <= => 7 
) Branches 5 
Z Ahmedabad - Calcutta - Coimbatore - Delt Kanpur —— Za 
y Ludt ve - Madras - Secunderabad - Vijayawada participants in y 
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CEMENT 


your 
differences 


a 




















INDPUB— 2ti 


and build your home 


f) JAIPUR UDYOG LTD. 


with Creative Inspiration yuat/ Sawai Madhopur, Rajasthan 








Dalmianagar, Bihar 





ft, ROHTAS INDUSTRIES LTD. 
oo 
ALLL 


with 
(> ASHOKA CEMENT LTD. 
a h H ae APM ENT (cas) Dalmianagar, Bihar 
‘as l & & & > : : SONE VALLEY PORTLAND 





er OO ee 








/ 
S8a8 (ils) CEMENT CO. LTD. 

Selling Agents : Japla, Bihar 

. : ah fs: CONSULT 
Ashoka Marketing Limited. si EE SAHU CEMENT SERVICE 

‘ f h ! 

Calcutta, Patna, New Delhi, Lucknow, -- Available through oo ban be name ga a 
Chandigarh, Jaipur, Varanasi & Bombay a network of stockists. cement in construction 
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% seaeeee 
sietececec oa 
*ete%s 
- 
; 
. We €xport complete H.T. outdoor switchgears from 33 to 
; 380 kV, low-oil and air-blast circuit breakers up to 
15.000 MVA rupturing capacity including protections of 



































transformers and radio-frequency communication system. 














References from various switchgears abroad bear evidence of 
the high technical standard of the equipment delivered by us. 


TECHNOEXPORT 


FOREIGN TRADE CORPORATION FOR EXPORT OF COMPLETE INDUSTRIAL PLANTS 
Praha—Czechoslovakia 


Sole importers for India: 


SKODA (INDIA) PRIVATE LTD. 
Vulcan Insurance Building, Vir Nariman Road. Bombay-1 


Branches : 
National Insurance Building, Agurchand Mansion, 
Parliament Street, P 38, Mission Row Extension, 35, Mount Road, 
New Delhi Calcutta-13 Madras-2 
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ALUMINIUM 







for overhead 
distribution 


Self-supporting aluminium aerial 
cables are the most modern trend 
in overhead secondary construction. 
One (DUPLEX), two (TRIPLEX) or 
three (QUADRUPLEX) polythene 
insulated aluminium phase conduc- 
tors are supported by a bare ACSR 
or aluminium messenger which 
assumes the entire cable tension and 
also serves as a neutral conductor. 


These revolutionary overhead dis- 
tributors offer many advantages over 
other systems. There is only one 
light-weight cable to string, sag and 
deadend, and this allows shorter 
poles to be used and economies 
achieved in hardware, labour and 
tree trimming. DUPLEX, TRIPLEX 
and QUADRUPLEX cables take 
relatively little space on the pole top 
and are neat and workmanlike in 
appearance. They are less subject to 
interference from trees than open 
wire and service continuity is ensured 
even when the poles are down! 


Although the messenger is strong 
enough to carry very long service 
drops, these are seldom necessary as 
the cables can be tapped on the span. 


Aluminium self-supporting cables 
are light, strong, easy to handle and 
economical. For further information 
about DUPLEX, TRIPLEX and 
QUADRUPLEX write to: — 


hy 
ily 


ALCAN | 
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ALCAN ASIA LIMITED 


An Aluminium Limited of Canada Company 


41, Chowringhee Road, Calcutta 16. 
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consult CAEI) 
for ALL oo: 


types of 


CABLE DISTRIBUTION 
ACCESSORIES 


including 


FEEDER PILLARS 
FUSE BOXES 
CABLE END BOXES 
SEALING ENDS 
STRAIGHT JOINT BOXES 
TEE AND SERVICE BOXES 
HIGH TENSION 
PILLARS & BOXES 
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CABLE SOCKETS 
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We shall be pleased to submit suggestions 
and drawings to suit customers special requirements. 


ASSOCIATED ELECTRICAL INDUSTRIES 
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J. P. Naegamvala 
Director 
Engineering Research Institute, Gujarat State 


Narmada River Project 


HE NARMADA ALONG WITH THE TAPI, MAHI, 

Sabarmati drains the area of Gujarat in her last 
lap, flowing westward towards the Arabian Sea. For 
all these past years, these rivers have only served as 
drainage channels for rich soils of Gujarat, taking 
all their precipitation to the sea. Thus in spite of 
fertile lands and diligent peasantry only 6.2%, of 
the total cropped area of 24 million acres in Gujarat 
receives benefits of irrigation, and 5/6th of this is 
by pumping frem wells. The rest of the land has 
to depend on the vagaries of the monsoon and this 
can at best yield one crop. Gujarat thus in spite of 
its rivers and rich soils is deficit in food grains and 
has to depend upon outside resources. The need for 
developmint cf these water resources cannot be over- 
emphasized. 


The River Narmada 

The Narmada is said to have sprung from the 
God Rudra or Mahadev and so is known as Rudra- 
devi cr Shankari that is Mahadev’s daughter. This 
is one of the holy rivers of the Hindus. The river 
rises in Maikala range of Amarkantak in Madhya 
Pradesh 3468 ft. above sea level and flows west for 
a length of about 800 miles before joining Arabian 
sea near Breach in Gujarat State. Until it enters the 
plains of Gujarat the river course for about 500 miles 
lies between the Vindhya Ranges on the North and 
Satpura Ranges on the South. The valley formed 
is narrow having an average width cf 18-20 miles. 
The mountains being no where more than 40 miles 


Project engineers being introduced to Shri Nehru. 


oe 


apart. The total catchment area drained is 28000 sq. 
miles and the annual rainfall in the catchment varies 
between 25”—75”. 

Ihe rivers form the life-lines of the country, 
revealing its civilization and its culture. The Indus, 
the Ganges, tht Brahmaputra in the North, the Goda- 
veri, Krishna and Cauvery in the South are symbolic 
of the ancient civilization and histery cf our land. 
Unlike these the Narmada flowing through the hills 
and the ravittes, has seen poverty and pestilence on 
its banks inhabited by Adivasis and other tribes 
who have remained unaffected by the growth of this 
country and its civilization. 


The Development of Narmada Basin 

The Narmada carries 32.5 millicn acre ft. of water 
in an average year. The irrigation pctential of the 
river is assessed at 4.5 millicn acres along with hydro 
power potential of over 2 million kWs at 60°, load 
factor and possibilities of inland navigation. All 
these benefits could change the entire valley in cone 
vast belt of agricultural prosperity and industrial 
growth. 

The investigations for development cf these pcien- 
tialities were taken by Central Water & Power Com- 
mission, then Central Water Power Irrigation and 
Navigation Commission. in 1947 and number of pos- 
sible sites for dams and weirs on Narmada and its 
tributaries were located and the projects taken up 
(vide Table I). Detailed investigaticns were in the 
first instance taken up for Bargi, Tawa, Punsa and 


Shri Nehru pressing the bottom to fire the first blast 
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Visitors at 


Broach projects (Narmada Prcject). Only the last 
scheme which will fcrm the terminal reservoir in the 
basin is in Gujarat. 


The Project 

This project hence forms part of multi-purpose 
development of the Narmada Basin. The whole 
preject is preposed to be completed in two stages. 
In the first stage cf the project it is proposed to cons- 
truct a dam cn the river near village Navagam about 
14 miles from Rajpipla in Breach District, so as to 
divert waters in the Right Bank Canal. The latter 
wili commad an area cf 13,3C,U0SC acres in Broach 
and Baroda Districts. 

The stage | of the prceject has been cleared by 
the Planning Commission in August, 1963 and has 
bec administratively approved by the Government 
cf Gujarat*for Rs. 41.41 crores. The work on this 
has been inaugurated by the Prime Minister Pandit 
Nehru on 5th April 1961. 

The Stage 2 cf the project which is prcpssed to be 
taken up as socn as the stage I is completed in order 
to utilize the tempo and the construction build up 
then available, comprises cf raising this dam by 169’, 
taking out a canal at a higher level (High Level 
Canal) to command 5 lakh acres in Narmada Basin 
and 4.4 lakh acres in adjcining Mahi and Sabarmati 
basins with facilities for navigation. It is also pro- 
posed in this stage to generate 6,25.000 kW of power 


at 60°, LF by installing three power houses. 
All the works of stage | are propesed to be 


designed and constructed for subsequent incorpora- 
tion in stage 2. The salient features of the project 


fer both the stages are given in table II. 


2 INDIAN JCURNAL OF 


the site of the Dam. 


Some cf the important engineering features of the 
project are as under, 


Hydrology 

The catchment areca of the river at the dam site is 
33,790 sq. milks. There are about 7C rain gauge 
Stations in this area and rainfall records are available 
from 1892 to-date. The discharge in the river is 
being gauged near Garudeshwar about 4 miles d/s 
of the Navagam Dam site. from year 1948 onwards. 
By ccrrelating runoff (R) computed from the Cbserv- 
ed discharges with the tctal precipitation (P) avail- 
able in the catchment, the following statistical rela- 
ticnship between the two is established. 

R : P—c(P)' 

rhe runcff co-efficient ihus is completed for other 
years also. Average annual run off is thus estimated 
at 32.5 mill. acre/ft. This project includirg its 2nd 
stage wili utilise 4.5 millicn acre ft. (18.85°,). The 
tctal utilization upstream with all the schemes pre- 
sently contemplated is abcut 8 million acre ft. 
Thus the total utilization will be 12.5 million acre 
ft. cr 38.8°, and enough scope will yet exist for 
develepment cf medium and mincr schemes in the 
basin. 


High Flood Discharge 

Fixing cf high flcod discharge has been a subject 
cf censiderable discussion both in the siate and Cen- 
tral Water & Power Commission. The cost of the 
preject will depend upon the surplusing capacity 
provided, and any underestimation of it can lead to 
disaster comparable in magnitude to the world war. 
The high fleed discharge has been computed by using 
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re where 


The River Narmada flowing through the 


it will be dammed. 


well known formula (vide Table LI) but as one wit 
has put it, “Hydrological calculations are like astro- 
logical calculaticns; both can be 100°. off the 
mark.” For Kariba Dam across Zambesi River in 
Rhodesia, painstaking engineers gauged the river for 
50 years, provided for surplusing capacity of flood 
likely in | in 6000 years, more than any cbserved 
flocd. During construction, there came flocd twice 
the designed one likely for | in 10,000 years. 

The consultants in the Ministry of Irrigation and 
Power have recommended a surplusing capacity of 
22.00.0009 cusecs 10°, mcre than that derived by unit 
rydrograph method. The extra caution and safety is 
because this will form a terminal reservoir in a series 
and will have to accommodate any accidental breach 
in upper tanks. 


Geology of Dam Site 

The area is occupied by Deccan Traps with inliers 
of Bagh beds comprising of sand stones, quartzite. 
shales and lime stones These older formations are 
probably the result of faulting and these are traversed 
by number of dykes and sils of basic rocks. Because 
of heat of the gagma (molten lava flow) sand stones, 
lime stones and shales are converted into quartzites, 
marbles and slaty shales at places. The strike of 
Bagh beds bearing from NE-SSW to ESE-WNW and 
the dip varies frem 20°—59° towards S.E. to SSW. 

In general there are three varieties of Deccan Trap 
seen in this area (i) black trap fine grained consisting 
of glass and very fine crystals of pyroxene and 
rlegicclase (ii) Coarse grained with lathe shaped 
plegicclase fine grained pyroxene and also magnetite 
and pclogomite and (iii) amygdolial and vesicular 
trap. the vesicals fixed with quartz, zeolite and calcit. 
In addition thick beds of volcanic braccia are also 
present. The traps are dipping with an angle of 
10°—20° in SE to SSE direction. 

The present alignment has been selected after 
study cf various alternative sites in the vicinity. Good 
decean trap is available at depth varying from 20-60 
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The left flank of the dam site. 
dam 


White lines show ‘he 
axis. 
The cross marks show the heights in Stage I aad 


Stage Il of the dam. 


ft. in the river bed as well as the right bank. On the 
left bank the hill slepe is covered with talus and 
boulders mostly quartzites. This portion is affected 
by fault zone and comprises of a considerable depth 
of fault braccia cemented at places by volcanic ash. 
This portion coming under the earthen dam is pro- 
posed to be adequately grouted in order to improve 
its stability and drainage. Ninetynine boreholes 
aggregating to 11,831’ cf drilling and 2 drifts, 278’ 
length has been taken se far for these geological. 
investigations. 


The Dam 

Proposed dam is gravity type masonry structure 
with spillway located in the central position of the 
river R. D. 1160-4600. Non-overflow block 1580’ 
in length with an earthen envelope and a core wall 
forms the right flank. The canal sluices have been 
located in the right flank in the non-overflow block 
of 785 ft. at the end of spillway. In the 2nd stage 
the earthen dam will be extended on the right flank. 

The spillway in the first stage has its crest at 
R.L. 162.00 is designed to pass 22 lac cusecs at 
MWL of R.L. 197.00 and has no gates. The stan- 
dard crest profile is designed for maximum discharge. 
The bucket with a radius of 70’ is extended upto 
full (2nd stage) position with an upturned angle of 
34° at the end. The exact stage of the jump forma- 
tion and the bucket will be decided after carrying 
out model studies. : 

The provision for fouvdation grouting drainage 
gallery etc. has been made as usual. 

The canal sluices comprising of 7 in nos. cf 
14’X 12’ are designed for a loss of head cf 1.2’ to 
pass full discharge at full supply depth of R.L. 158.4 
(C.B.L. 138.4). 


The Canal 
The Right Bank Canal is designed for a discharge 
of 8150 cusecs. The Central Water & Power Com- 
mission has propcsed an unlined section of 265’ x 12’. 
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While the advantages cf lining are obvious the econo- 
mics of lining has been studied in great detail. The 
yearly cost of lining in terms cf interest on capital 
investment at 44%, is worked out and is much less 
than the yearly benefits accruing therefrom. It is 
therefore decided to line the canal upto R.D. 3.05,900 
where the canal discharge reduces to 3100 cusecs. 
The lined section adopted at the head is 67’ x20’. 
The tangible benefit of the lining do net cover on 
the otherwise adverse after-effects of irrigation viz. 
water-logging and salinity which may arise after 
50-60 years of intensive cultivation. 

Total length of canal and its distributaries is 
212.86 miles. The number of C/D Works, Escapes 
and Regulators is respectively 549 and 125. 

Besides this 300 bridges of all kinds are provided. 


The Crop Pattern 
After extensive studies of present crop pattern, 
the agriculture trends in the area and future econo- 
mic development, the crop pattern has been drawn 
up for the area commanded by the dam vide state- 
ment 4. The entire requirments of the crop has 
been estimated cn the basis of Al/DC:4 at distribu- 


tary head and the losses in the canal at 14 In a 
75%, dry year there will net be any shcrtage of water. 


This reliability is considered reasonable and will im- 
preve very much with the 2nd Two sugar 
factories each having crushing capacity of 2000 tons/ 
day are propesed to be established in the command. 


stage. 
‘ 
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Both the extent and quality of irrigated cotton crop 
will vastly increase. The additional yield of food 
crops, cotton, sugarcane and other perennials is esti- 
mated at 3,34,000 tons, 48,900 tons, 53.400 tons and 
3,500 tons respectively. The value of these addi- 
ticnal crops will be about Rs. 30.69 crores per year. 


The Financial Return 


The estimated cost of the various components 
of the project in stage | is as per statement 5, the 
total cost being thus estimated at Rs. 41.41 crores. 
Full development cf the project is envisaged to take 
place 8 years after completion of the project. Better- 
ment charges at the rate of Rs. 200 per acre are pro- 
posed to be recovered in 10 equal instalments 
immediately after completion of the project. Be- 
sides the usual water rates and irrigation cess is 
rreposed to be levied as per Government crders. 
The working expenses of the canal have been taken 
as Rs. 2.25 acre and the same for dam at Rs. 1.6 
lakh (4°, of the cost of earthen dam and }% 
of the cost of mascnary section). The project is 
expected to give a return of 6.02%, on the sum at 
charge in its 10th year after completion. The per- 
centage return on stage | investment after stage 2 
is completed is estimated at 13.43°,. Thus the project 
justifies itself as a sound financial investment not 
ccnsidering immense indirect benefit, likely to acrue. 

The project will usher in agricultural prosperity 
to an area already rich in tradition and diligence. 
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It is a treat to watch the green belts of prosperous 
irrigated lands of Sind, Punjab, and recently of 
Kakrapar. The engineers have to make up for the 
lost time for this river and cover the backlog of 









TABLE 1 
CONTEMPLATED PROJECTS IN NARMADA RIiveR PROJECT. 
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years. Only by bringing the project to an early 
fruition can we do our duty to our country and 
fellow countrymen. 












Sr. Name of Catchment arcas. Water utilised 
No. Scheme. Sq: miles. in Lakh acre ft. 
1 2 3 4 
1. Boira Dam 

Gopalpur wei 0.26 
2. Mahatra Dam 0.47 
3. Banjara Dam 

Dewari weir 0.37 
4. Burhaner Dam 

Kundi wei 0.24 
5. Kanta Dam 

Benjar weir : 0.46 
6. Bargi Dam — 10.50 
7. Chitarewa Dam 

Puchi 4.24 
8. Lonia Dam 3.16 
9. Tawa Dam -- 0.30 
10. Barna Dam - 10.30 
11. Kolar Dam 

Kolar weir 2.16 
12. Punasa Dam 23.800 1.65 
13. Barwahu weir - 2.78 
14. Harnfall Dam 32.000 - 
15. Navagam Dam 33.790 45.00 


Remarks. 


Trripotential Hydro power 
in Lakh acres. in k Ws. 
5 6 7 

0.2 

0.36 

0.28 

0.19 

0.35 
10.67 

3.57 

1.67 

0.18 

8.3 12,700 Completed. 
0.96 

1.21 4.30,000 Inv. Comp!eted ; to 

he started. 
15 2,00.000 Inv. in advance 
3.20.000 stage. 

13.3 6,25.000 Ist Stage is 
9.0 started. 
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SALIENT Ff 


Item. Stage l Stage Ll 
Site of Dam 73-2’ K village Navagam 21° 15’ N’ near 
Catchment area of river site 53,790 sq. miles 35,790 sq. miles 
Annual rainfall in the iter shed Max. 73.5 
Min. 51.5” 
Mean annual runoff at dam site 52.5 M. acre ft, 32.5 M. acre ft. 
Observed Max. flood at dam site 15,/3.000 cusecs (after 1943) 
Observed min. dry eather flow 1.66 M. acre ft, 1.68 M. acre ft. 
Design flood 22,00,000 cusecs 
Cype of Dam Masonry (Gravity type) 
Normal pondage level R.L. 162.00 R.L. 320.00 
Max. water level K.L. 197.00 R.L. 320.00 
Top level of Dam K.L. 212.00 t.L. 335.00 
Length of Dam 
Karthen flank Envelopes only 400 L.F. 
550 L.F. 
Masonry Non-overflow 1580 1580 L.F 
780 L.F 
Spillway 3440’ 2700’ 
Max. height of Dam 
Earthen flank 85 198 
Masonry section 

(i) Above bed 178’ 301’ 

(ii) Above foundation 227’ 350 
Construction sluices 2 Nos. 5 x T' at R.L. 65.00 
Gross Command area 13.30,000 + 9,00,000 acres 
Culturable command 11,01 ,240 ae 
Irrigable area 9.97,500 7,50,000 acres 
Canal Discharge 8150 cusecs 7506 (High level) 
Length of Canal 97 miles 144 (miles ( aie ) 
FSD at head of canal RL 158.40 R.L. 275.00 
Estimated cost Rs. 41.41 crores Not estimated 
Cost per acre/GCA Rs. 311 

CCA Rs. 376 
Irrigated Area Rs. 415 
TABLE III 
Hicu Froop Discnuarcr ar Navacam Dam Sir 
Name of formula. Formula. Discharge. Remarks, 
2 3 4 5 
Dicken’s Formula Q:CA 24 92.000 C : 1000 for MP 
Modified Mayer's Formula Q : 10.000 P 18,39.000 P: 1 (Maximum) 
\ 
F. S. Besson’s Formula Q: pm Q: 21,80.000 pm : Expected storm rainfall. 
pi Qr : Record fiood 
pr: Rainfall that caused Qr. 
Ryves Formula Q:CA 20.50 .000 C : 1900 
Inglis Formula Q : 7000 A 13.00.000 
J A+4 
Envelope Curves 
Greager’s Curve 13.18.000 
Kanwar Sain’s curve 14.10.000 
+ 25% 17,63.000 
\s worked out by unit hydrograph 
method 20,50.000 
As recommended by consultants 
and adopted +10% 22 00.000 
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II 
Sracge 1 & 2. 


TABLE 














Total 


irrigable 


TABLE 


PatrERN Dv1ies 


CRop 


Sr. Name of crop. Percentage of Actual area 
No total area. irrigated, 
1 2 3 4 
1. Wheat 21 2.069.475 
2 Rice 20 2,49,375 
5 Jowar (Khari ) 5 49 875 
41. Jowar (Rabi) 10 99.750 
) ( ton ol 2.69.52 
6. Tobacco 1.5 14.962 
7. Green Manure 7 29,925 
8. )) seeds 
9. Sugar cane } 29 925 
10. Other perennials l 9,975 
TABLE V 
EstiMATED Cost OF THE PROJECT Siack |. 
Ss) Head, Unit J Cnit Il Total 
No Head works Canal 
(Lakhs) (Lakhs) 
] 2 3 4 5 
l. Works. 
A—Preliminaries 6.60 11.35 
2. B—Land 6.62 75.14 
3. C—Works 868.79 
4. D—Regulators 55.60 
5. E—Falls _ 37.65 
6 F—-C D works 401.44 
7 G Bridges 10.00 94.59 
é H—Escapes 19.24 
}. K—-Buildings 13.55 100.00 
10. L—Earthwork 838.12 
Ll \l— Plantations 0.50 8.11 
12. O—Miscellaneous 46.31 41.69 
13. R—Communications 32.85 
14. P—Maintenance 10.13 17.88 
15. 3—Distribution and 
Minors 857.88 
16. 4—Drainage & Pro- 
tective works 30.00 
17 5—Water courses — 4.99 
18. 6—NSpec ial Tools & 
Plants 25.00 25.00 
19. 7—Losses on stock 2.06 4.00 
20. 8—Unforseen charges 


5.00 


1067.13 2686.15 
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3749.28 


command 


are 


Period of 


LV 


ETC. 


a 9,97,500 acres. 





1/ / De 


rotation, 


(Mi 


(Oc 


20 


iy, June) 


v.) 


Il. Nstablishment 


a— Establishment 

b—Store of Control 
Board 

c«—Loan & Treasury 


charges 


111 Tools & Plants 


lV. 


» ) US PENSE 


Deduct receipts and 


recoveries on ( ‘api- 


tal Account. 
(a) On LIT Tools 
and Plants 


(b) On Temporary 
Juildings 


Total Direct charges 
Indirect Charges 
Capitalised abutment 
of land revenue 
Audit & Account 


Charges 


Secretariat Charges 


Grand Total 


Duty. 


120 


120 


74.12 
2.00 


7.99 
10.66 


1161.90 


1.60 


6.67 
—7.27 
1154.63 


nd 
w 
ree) 


10.66 
8.20 
1168.82 





Remarks. 


g 

Losses in lined canal 
are taken at 14% 

Al / D¢ is taken at 
distributary head and 
is usually taken in 
this state as 463.5 
Maximum requirement 
in Oct. during over- 
lap of Kharif and 
Rabi is 8147 cusecs. 


Lhe canal is designed 


ior 8150 cusecs 


199.12 273.34 

4.00 6.00 
21.55 29.54 
41.04 51.67 


2447.93 4109.83 


23.00 


1935.20 4087.83 


5.87 4.20 
27.34 38.00 
8.20 11.40 


2972.61 4141.43 





GANDHISAGAR DAM 


514 m. long, 65 m. high 


(on the Madhya Pradesh / Rajasthan border) 


wee 87,000 
of Li L cement 


THE ASSOCIATED CEMENT COMPANIES LIMITED 
The Cement Marketing Company of India Limited 
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Effect of Slow Draw-Down 
In Earth Dam with Upstream Slanting Filter 


Synopsis 


It has been found that by providing an upstream slant 
ing filter connected to the downstream by a horizontal filter 
drain at the base of an earth dam keeps downstream dry 
and reduces pore pressure in the upstream section of the 
earth dam which opens the possibility of designing earth 
dams with steeper slopes. This present article deals with 
the study of pore pressure in such dam with various slope 
and spacing of upstream slanting filter for complete rapid 
draw-down case. In earth dam with upstream slanting filter, 
many flow lines wil! run towards downstream which other 
wise could have run towards upstream slope during draw 
down case. Thus the breaking effect on the upstream slope 
will be reduced for this type of earth dam 

The paper consists of the pore pressure on the upstream 
slope and seepage towards upstream slope during draw- 
down case and the effect of slow draw-down on the pore 
pressure on upstream slope and on the free water table fo 
earth dam with upstream slanting filter for various slope and 
spacing of upstream slanting filter. With the provision of free 
water table due to the existence of upstream inclined filter 
inside the dam water-tab!e falls comparatively speedier and so 
a rapid drawdown condition for a homogenous case will be a 
slow draw-down case for an earth dam with upstream slant- 
ing filter, thus the necessary factor of safety should be less 
than ordinary case. New value of factor of safety is suggest- 


ed in the paper. 


1. Introduction 

ITH THE DEVELOPMENT OF SOIL MECHANICS 

and especially of the seepage and stability of 
earthen slopes. it became possible +o design earth 
dams more scientifically with lesser factor of safety 
as the factor of safety is nothing but ignorance factor 
which can be reduced to lesser values with increas- 
ing knowledge of the subject of earth dams, with 
improved construction equipment and with better 
quality control. Chief idea in presenting this paper 
based on our research work is to give courage to the 
design engineers to adopt lesser factor of sefety. In 
this, we would like to mention a beld cesign of 
earth dam “Slano” prepared under Inz. Dr. B. Raj- 
cevic of Yugoslavia with factor cf safety one only. 
In our earlier papers it has been already shown that 
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the upstream and downstream slopes can be design- 
ed steeper by introducing an upstream slanting filter.” 


2. Effect of Upstream Slanting Filter 

on the Stability 

Let a dry slope of homogenous material be ana- 
lysed for the stability by Swedish Slip Circle Method 
and let arc of the Slip Circle | of Fig. 1 represent 
most critical slip circle. It is found that circles 
having values very near to that of critical slip circle 
will have lower parts of the arc of slip circle very 
close to that of critical slip circle. The formula for 
the factor of safety will be 

6 tan i +c¢.1 
F, = ——_—___— ond Oe 
tT 
where 
F, = Factor cf safety 

« = Normal stress 
‘) = Angle of internal friction 

c = Cohesive strength 

i = Length of the arc of slip circle 

t = Shearing or tangential stress. 

Now let the same slope be analysed for rapid 
draw-down condition. Let us take the simplest 
possible case i.e. flcwnets cf the carth dam for rapid 
draw-down condition is net available. In this case, 
maximum value cf bcuyancy that can be assumed is 
one. If Fo and Fy represent areas of normal and 
tangential stress respectively, (Fig. la and b), then 
the factor of safety will be given by 

Fo (y,4, — I) tan +e.1 
F, = inet 
Fz. “/sat 
where 
Yoar = Saturated density cf soil. 

The factor of safety wili increase as the effective 
weight in the denominatcr decreases whereas the 
effective weight in the denominator increases. The 
main task before the designer now will be to increase 
the factor of safety using the same material. For 
the same slip circle and same soil Fo, Fr, ‘!, c and | 
are constant, thus only change possible is to increase 
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Fig. 1, 
the effective weight in the nominator and decrease 


it in the denominator. Let an upstream slanting 
filter be provided in such a way that major lower 
portion of the slip circle lics well within the filter. 
This will bring down the top seepage line §, to S, 
making porticn above line S, and the downstream of 
the filter completely dry (Fig. 2). Thus the down- 
stream slope can be designed steeper. The effect of 
the filter can be tabulated as below (Fig. 1). 

Thus overall effect of the inclined filter is to 
increase the factor cf safety with the result that the 
critical circle of homegenous embankment no more 
represents critical circle, critical circle moves up- 
stream as the downstream material will remain dry 
and so will have higher factor of safety. Thus two 
cenclusions can be drawn for an earth dam with up- 
stream filter namely : 

(1) The factor of safety of upstream slope as 

well as downstream slope increases ; and 
(2) The critical slip circle will always lie on the 
upstream of the upStream slanting filter. 

The advantages cf the type of designs are : 

(1) The downstream slope remains dry and so 

can be designed steeper. 


Nominator 


Effect in 





(2) Any material available on site can be put 

on the downstream of the filter. 

(3) The quality control on the downstream of 

filter need not be so rigid. 

(4) The pcre pressure on the upstream slope 

decreases to a great extent so that it can be 
esigned steeper. 

(5) Quantity cf impervious material decreases. 

(6) Future increase in the height of earth dam 

can be easily done due to the fact that down- 
stream of the clay core is also sloping up- 
stream. 

(7) Enormous saving in the total cost of the 

dam. 

The disadvantage is that seepage through the 
dam increases bui considering other losses due to 
evaporation, seepage through foundation and saving 
in cest, this can easily be accepted. 

With this fact accepted, we should tak up scienti- 
fic designing cf such a dam. Essential factors play- 
ing role are pore-pressure for rapid draw-down 
cendition from the experiment rather than to accept 
beuyancy equal to one, 


3. Review of the previous work 

To enable the readers to understand this paper, 
review of the previous work carried out by V. J. 
Patel is necessary and so is included here. 
3. 1 Breaking force, acting on the upstream slope** 

Many flow lines which could have run towards 
upstream for a homogenous earth dam will run 
towards downstream due to the exisience of an up- 
stream inclined filter (Fig. 2). Between these two 
limiting lines (A and B cf Fig. 2b), there will be one 
flow line (X X, X,) which will run vertical meeting 
the base and then will run parallel to the base to- 
wards upstream cr downstream if the earth dam is 
cn impervicus foundation. This line will exert the 
maximum breaking force on the upstream face against 
which it would be protected. The value of this 
breaking force (U,,,,) can be determined as shown 
in Fig. 2(b) if flow-lines are determined by experi- 
ment. Table | gives the value of U,,,, for an earth 
dam with upstream slope of clay core | : 2 and with 
different spacing and slope of filter. 


Denominator Kite 


fect on 
— a stability 
Total effect Unit wt. Eftect 
Tnerease Less than Increase 
Ysat 
” le ? 


No change 
Increase 


No change No change No chang 


Slice Unit wt. Effect in i} value 
Unit wt. il) 
— A < More than ) No change 
(Yaat —1) 
B Ya re if) More than 
1 Yao s 
i), 
B, Ysat ” ib, ” 
B, Ys ? ih, ” 
( (ysat — 1) No change ih. No change 
Note : c denotes clay, s denotes filter material, 


i)—angle of internal friction, 


d=dry, y= density. 
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sat—saturated case, 
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Fic, 2a. Flow-net for homogenous carth dam during rapid 
draw-down 
Fic. 2b. Flow-net for earth dam with upstream slanting 
filter during rapid draw-down case. 


3. 2 Quantity of water running toward upstream 
during rapid draw-down'* 
The rapid draw-down represents a constant stress 
condition so the quantity (q) running towards up- 
stream can be found by : 


n 
q = k. — Unax = k..n.dh (3) 
m 
where 
k, = permeability of clay core 
n=number of flow lines running towards 
upstream 
m = number of cquipotential lines for region 
upstream cf X X, X, of Fig. 2(b). 
dh = head difference between two consecutive 
equipotential lines of square flow-nets 
U,.ax = Maximum head causing flow towards up- 


stream side 

Quantity of water flowing towards upstream is 
given in Table I. 

3. 3 Design of upstream slope pretection' 

The slope protection consists of pervious mate- 
rial upstream of clay core covered by stone pitching 
or concrete carpeting or concrete slabs with number 
of holes. This pervious material should be thick or 
wide enough to drain the complete quantity of water 
flowing towards upstream so that a free water table 
can be established in this zone with the effect that 
no breaking effect will act on the stone pitching or 


Fic. 3. 


concrete slab. Then the stone piiching or ccncrete 

slab should be designed to withstand wave action 

only. The horizontal thickness of pervious material 
— : 

q 

t=— 


k, 


t = horizontal thickness of pervicus material 
k, = permeability cf pervious material. 

It is advisable to have a factor of safety of two so 
that in case of clegging of the part of pervious 
material near the upstream of clay cere will leave 
even then required thickness. 


‘a> & 


where 


4. Effect of slow draw-down on Water 
Table'’ 

[he maximum value of pore-pressure in earth 
dam is cbtained if the water in the reservoir is first 
maintained at its highest level during a sufficiently 
long time tc make the dam filling completely satu- 
rated and is then drawn-down so rapidly that no 
considerable quantity of water flows out of the slope 
during draw-down. This is the complete rapid 
draw-down case which represents one extreme condi- 
ticn whereas other extreme conditicn is that water 
will flow cut cf the dam filling so rapidly that free 
water-table will be herizontal and on a level with the 
water surface in the reservoir which is a complete 
slow draw-down case. In actual life, neither of these 
conditicns take place. common being the slow draw- 
down. With the provision cf free water table due 
to the existence of upstream inclined filter water- 
table falls comparatively speedier and sc a rapid 
draw-down cendition for a hemogencus case will be 
a slow draw-down case for an earth dam with up- 
stream slanting filter, thus necessary factor cf safety 
should be less than ordinary case. If the same factor 
of safety is adopted and an earth dam with upstream 
slanting filter is designed for complete draw-down, 
the factor of safety will be more which means in- 


Position of free water table for different values of k 5 os 
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stead of becoming more progressive, the design will 
be conservative one. 

Effcrts are made here to give the effect of slow 
drarw-down on free water table and on maximum 
breaking force (U,,ax). The free water table represent- 
ed by upstream slope and top seepage line S, of 
Fig. 2b for complete draw-down will sink along 
every seepage line for slow draw-down case. The 
fall of free water-table in the earth dam during slow 


se days Aq days pajyepnoje> oq ued uUMOp-MEIP 
follows : 
According to Darcy’s Law v = k..i 
dh 
cr v,n =k.— 
dl 
k dh 
or Va = —_ 
n dl 
dh k dh 
or v,.n=k.—cry,=—. . (5) 
dl n dl 
where dh = fall cf pizcmeiric level between two 


consecutive equipotential lines of square 
flow-nets. 


dl = distance between twe equipotential lines 
at the point for which the velocity is to 
be calculated. 

dh 

— = hydraulic gradient at the point under 

dl study. 

v, = absolute velocity. 

v =real or observed velocity. 

n = porosity. 

After determining the velocity at different pozots 


on the flow lines, the fall of water table along each 
flew line can be calculated by : 


k.t dh 
l=y,.t=—.— (6) 
n dl 
where 
| = fall in water table along particular 
flow line 
t = time interval in second 
H i.H 
ift=t. = — me 
Tite «(Me 
where 
t 
i= =ratio cf time interval (t) for 
¥ which the fall of level is cal- 
culated to the time interval (T) 
for complete draw-down with 
uniferm velocity cf draw-dewn. 
Vy =the speed of draw-down 
H = maximum water level in reser- 
voir 
Then the equation (6) changes to 
k dh 
l= 27 F (8) 
N.Vy dl 
~ 
if is constant, a geometrically similar flow-nets 
N.V\ 


independent of the height of the dam could be 
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Fic. 4. Effect of slow draw-down on U. ax on each dam 
with vertical filter tor different value of k n.r 


achieved, The water table for the earth dam with 
upstream slope of | : 2 and a vertical filter at a dis- 
tance of 2.25H from the upstream toe for i = 0.1 
K 
and different value of 
N.Vy 


are given in Fig. 3. 


5. Effect of slow draw-down on U.,,. 
It is already stated that line X X, X, of Fig. 2 
represents maximum breaking force (U,,,;) on the 
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upstream slepe for complete rapid draw-down. With 
the slow draw-down condition free water table will 
sink with the result that the value of U,,,. for slow 
draw-down will decrease. Fig. 4 represents free 
water-table and a new maximum breaking force 
(U'nax) for earth dam with upstream slope of | : 2 
and vertical filter at different spacing for different 


value cf —— fcr slow draw-down case. If the value 
N.Vy 
k 
Of U'nax against —-— is plotted, it is a straight line 
D.Vy 
and can be represented by the equation : 
san 
——— = Umax — m-- (9) 
NV, 
where H = maximum height of the water in the 
reservoir 
k 
m = slope of the U’,,,, again curve 
N.Vy 
The slope of the curve is negative because U’,,.. 


k 

decrease with increasing value of —— 
NV 

of m for an earth dam with upstream slope of clay 
core |: 2 and with different slope and spacing of 
filter is calculated which was based on the equipoten- 
tial lines drawn by electrical analogy method and are 


Thus values 





plotted against the spacing of filter from the up- 
stream toe of the earth dam in Fig. 6 whereas values 
of U,,ax can be found from Fig. 5 or from Table I. 


6. Conclusion 
lf the equation (8) is studied carefully it can be 
easily found that the lowering of water table is pro- 
dh 
- and so the fall of 
dl 
free water table will be maximum for the same soil 
if the hydraulic gradient is maximum. By providing 
an upstream slanting filter in the body, the flow 
lines running towards filter will have higher gradient 
than that in case of a homogenous dam (Fig. 2a and 
2b). Thus sinking of free water becomes rapid than 
in case of homegenous dam, thus reducing the rapid 
draw-down case cf homogenous dam to slow draw- 
dewn. “Bureau cf Reclamation” U.S.A. gives the 
tellewing values cf permeabilities of soils. 


periicnal te hydraulic gradient 


Permeability (k) in cm/sec. 


Zone Lower limit Upper limit 
Pervious 2x 10° 
Semipervious 10° 10 ° 
Impervious Tee || ig 


Take an earth dam with clay core having poro- 
sity of 0.5 and permeability (k) of 5x 10° cm/sec. 
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Slope of uls Spacing of filter from us toe 
Notation. incline d hilte ? a meecamtcatana — = -” in ae for 
at hase at top q re m k 
-- - —.- -- —_ - 0.288 
(//) (/71) (i: H) (/1) (/7/) ner. 
and (=0.1 
A Vertical 2.25 2.25 0.091 0.65 0.585 25.8 
A, 2.375 2.375 0.096 0.69 0.65 27.2 
A 2.50 2.50 0.1108 0.725 0.745 29.6 
A, 2.75 2.75 0.1296 0.8125 0.86 30.2 
B 0.5 2.125 2.25 6.088 0.60 0.545 20.8 
B, 2.25 2.375 0.0927 0.65 0.605 21.3 
B 2.375 2.50 0.1028 0.71 0.692 22.8 
B, 2.50 2.625 0.114 0.76 0.760 23.3 
B. 2.025 2.750 0.126 0.777 6.810 23.8 
C, 1:1 2.00 2.25 0.087 0.58 530 26.2 
C, 2.125 2.375 0.089 0.63 0.560 25.2 
C, is 2.25 2.50 0.097 0.69 0.620 26.00 
C, 2.375 2.625 0.1096 0.74 0.715 27.80 
C, 2.50 2.75 0.1204 0.775 0.780 29.00 
D, 1:1.5 1.875 2.25 0.083 0.576 0.555 27.7 
D, 2.00 2.375 0.087 0.625 0.592 27.3 
dD, 2.125 2.50 0.0946 0.682 0.645 27.2 
D, ; 2.25 2.625 0.1064 0.725 0.715 28.C 
D 2.375 2.75 0.1187 0.775 0.810 30.2 
F, 1:2 1.75 2.25 0.081 0.535 0.600 32.2 
E, 2.0 2.50 9.090 0.666 0.674 28.80 
E, 2.125 2.625 0.100 0.725 0.742 29.60 \ 
E, 2.25 2.75 0.114 0.760 0.840 32.00 
13 








Lut the lowering of water level (v,) be | ft. = 30.00 
cm which in a reasonable value. Then the value of 
k 5x 10° 24 x 60 x 60 








= - -~ = 0.288. The maxi- 
N.V\ 0.5 x 30 
Spoung of the biter from us toe 
Fic. 5. Maximum breaking force (U,,,) acting on the up- 


stream slope during rapid draw-down, 









* lope of the curve 


0.08 
007 
0.06 
° 
1.75 2.0 2.25 25 275 (H) 
Spacing of u/s slonting filter from y/s'toe 
Fie. 6: Value of m for different slope and spacing of filter 


mum breaking force (U,x) is along line XX; X, 
which is flowing vertical upto the base of the dam 

dh 
and the gradient of this line is = | as it flows 
vertical. Then the lowering of water table along 
this line for i = 0.1 ie. at a time which is one-tenth 
of the time for complete draw-down for case C, will 


k 
be —m.—— = 0.62 x 0.288 = 0.1883 or total reduc- 
N.Vy 
0.188 
tion in Uj. will be = 27.3 per cent, thus 
0.69 
n 


even for a small value of and a time interval 
D.Vw 

ratio (i) of 0.1, the decrease in the maximum break- 
ing force is as much as 27.3 per cent. If the same 
argument is carried out that the total value of pore- 
pressure will be reduced to 27.3 per cent, it can be 
seen that this will result in the increase of 27.3 per 
cent in the normal stress and decrease of 27.3 per 
cent in the tangential stress of equation (2). The 
equation for the factor of safety can be written as : 
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1.273 (6, tan ‘b) +c¢.l 





— soe GD 

0.627 «. 

where 

6, = effective normal stress for rapid draw- 

down which equals normal stress 
minus pcre-pressure 

= effective tangential stress for rapid 
draw-down which equals area of tan- 
genital stress curve multiplied by 
effective unit weight. 

Equation (2.1) can be split up into : 


1.273 o, él 
hs ah naceceenaprans Misichapananeces 
0.627 t.. 0.627 t.. 
G5 cl 
= 2.03 — + 1.6—- i Kee 
t ‘ 


or a further increase in the factor cf safety between 
2.03 to 1.6 say 1.8. Now if an earth dam is design- 
ed on rapid draw-down condition with clay core 
having k=5 x 10°*° cm/sec. and porosity of 0.5, with 
a factor of safety will be 1.5, the real value of the 
factor of safety will be 1.5 x 1.8=2.70 and so design 
turns out to be very very conservative. Even if the 
factor of safety adopted for rapid draw-down is 
1.3, it becomes 2.34 and so is also very conservative 
and so it becomes now possible to adopt a factor 
of safety of ONE only for a rapid draw-down case 
which in fact will be 1.8. Thus the recommended 
values of factor of safety are: 

Factor of 


safety 
for complete draw-down case I 
for slow draw-down case 1.5 


The decrease in U,,,; value for the above said 
soil for different spacing and slope are given in 
Table 1. It can be seen from these that the percen- 
tage lowering of the free water table and U,,,. value 
is practically the same if the upstream inclined 
slope of the filter is kept as 1:1 or 1:1.5. It is also 
proved in the paper (Ref. 3) that slope of 1:1 or 
1:1.5 gives the minimum value of pore-pressure 
and maximum factor of safety. So authors feel to 
recommend the slope of the upstream slanting filter 
to keep between 1:1 and 1.5. The nomogram for 
the selection and spacing of filter fer an earth dam 
with upstream slope of clay core cf 1:2 is given 
in Ref. 3 and 4 and so it is not reprcduced here. 

Authors feel that this should be considered as 
the beginning of the new idea which should be 
develeped further in order to give mcre courageous 
desig"s of earth dams with upstream slanting filter. 
These calculations give a clear answer to the old 
schecl cf thought who still argue that siresses in the 
impervious clay will not undergo extreme change 
anticipated in the rapid draw-down ccndition. To 
them. we would like to stress that the existence of a 
free water table by intrcducing a filter changes 
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Why we should care about aluminium (i) 


An industry as basic to the public welfare as electric supply is now 
compelled by circumstances to switch quickly away from a material 
which has to be imported from abroad (frittering away scarce foreign 
exchange) and which costs a pretty penny «Copper 


to a material which has much to offer in terms of technical feasibility... 
which is already being produced in the country... is geared to a sur- 
ging expansion programme and which costs much less .,..aluminium. 


-MERGENCY 


Thinking about aluminium conductors is well worth the time spent on 
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it and it may pay before long. 


AN 


Anticipating the trend towards the growing acceptance of aluminium 


conductors, ALIND p'oneered their use in this country eleven years ago. 
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India’s largest manufacturers of 
aluminium conductors and accessories 
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Registered Office & Plant No. |: Kundara (Kerala) 














Plant No. 2: Hirakud (Orissa) 

y j Monoging Agents 

] / ; SESHASAYEE BROS. (TRAV.) PRIVATE LIMITED 

Z > - ee AL-667b 
Z 





GC aM@Uillll Uuddddédédi// Wddddddddtide 


AUGUST 1961 


+ 


‘tisdddddddidddddidddddddddddddddddidddddddddldédd PWM dla ld 





THE ALUMINIUM INDUSTRIES LIMITED YY 


SS 









WEANIAL 


SS 















WOW 


MQY 


UY; 


Y 


WY 
MD, OW 


WOH 
WO 

Wh 
QV 


WKY 


WS 


NN 
NS 


Ma 


NS 


\ 
SN 








NY 


Y 

















SJ 
WS 


XW 


VQQqu 


AROUND THE WORLD... 
POWER IS THE BUSINESS OF 


ENGLISH ELECTRIC’ 


BRITAIN—NUCLEAR POWER STATIONS 
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g Hinkley Point 
500 MW 









These power stations are being built Sizewell 
by The English Electric, Babcock & 580 MW 
Wilcox, Taylor Woodrow Atomic- 

Power Group. 
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INDIA— GAS TURBINE SETS 
Zaloni Power Station 
Three 1790 KW Gas Turbine 
Generating sets 
are being supplied 
for this power 
station by 
‘English Electric’. 


U.S.A.—WATER TURBINES So <2.7 
Priest Rapids Power Station _ a 
Ten English Electric 131,000h.p.  _ 
Water Turbines are being sup- >= 7% 
plied for this power station. 
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AUSTRALIA—STEAM TURBINE SETS 
Tallawarra Power Station 


One of the two English Electric 
100 MW Steam Turbo-alternator 
sets. 
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Establishment of Super-Grids 


Organisational Procedure for their Control 


EVELOPMENT OF ELECTRICITY IN THIS COUN- 

try has been given a very prominent place in, 
the first 2 Five Year Plans. In the succeeding plans 
more emphasis has to be given at an accelerated 
pace due to the vast indupstrialisation and economic 
advances planned. With the need for increment in 
generating capacity and the consequential expansion 
of the grid and in view of the resultant economy 
with inter-State imter-connections, fresh problems 
have arisen. 

This initial phase cf electrical development of 
interccnnection between the States demands con- 
siderable amount of co-ordination between the States 
and Centre which will lead to the quick national 
economy and electrical development. Financing of 
the grid Transmission Lines, the allocation of costs 
between the partaking States, operation, mainten- 
ance, organisation and control with a suitable fixa- 
tion of rates, the agency for control, the allocation 
of power are the main problems which are discus- 
sed in this paper. 


Layout 

The vcltage of the individual state grid was 
160 to 110 k.V. in the earlier stages which is subse- 
quently increased to 132 k.V. in view of its econo- 
mic advantages. These state trunk lines connect 
the generating stations inside the State. For trans- 
mission of power between one state to another, a 
higher voltage of 220 k.V. has been decided. A 
stage may arise when block power from one zonal 
grid or Power Station to another may have to be 
transmitted when a still higher voltage of 270 or 
330 k.V. will have to be contemplated. 

The economy of high voltage A.C. transmission 
with that of high voltage D.C. may lave to be con- 
sidered as the latter system has been tried in the 
more advanced countries. When large blocks of 
power are to be transmitted of the range of 209 
m.W. to 300 m.W. over distances of over 500 miles, 
D.C. transmission will be found more favourable 
than the ccnventional A.C. system. 


3 ° . : aw 
GaSe See 


The pattern of interconnection has to be decided 
based on the distances of the power stations, and 
the load centres in each one of the states. The 
interstate lines may, therefore, have to be either 
direct from a generating station or a central grid 
substation of one state to the generating station or 
similar grid sub-station in the other state. Each 
interconnecting inter-state link will, therefore, depend 
upon the location and potentiality of the Power 
sources and the distribution centres. 

In the south-zonal grid, Andhra Pradesh will 
have tc provide fcr interconnections with Madras, 
Mysore and Andhra. At a later stage, interconnec- 
tion lines will have to be constructed between 
Andhra Pradesh and Maharashtra, Madhya Pradesh 
and Orissa States. 

As an immediate item of programme, the 220 
k.V. grid is planned between Madras and Mysore, 
Macras and Kerala, Andhra and Madras, The 
Srisailam Hydre Electric Station which is projected 
fer execution during the 3rd Plan is the largest 
station, and it is proposed to run 220 k.V. line from 
this station to Cuddapah, where the main grid sub- 
station will have to be Iccated for interconnection 
with Madras and Mysore. It is expected that the 
222 k.V. interconnecting lines in the Southern Zonal 
Grid may be ready for operation between the end 
of the 3rd Plan. 


Financing and allocation of costs 

The planning of the super-grid lines is carried 
out under the auspices of th Central Water and 
Power Commission, in consultation with the respec- 
tive states. A suitable method acceptable to the 
partaking states for financing the inter-state lines 
and the allocation of costs between the states will 
have to be evolved. Three alternative plans are 
discussed. 

1. The cost of the lines within the State will be 
borne by the respective States. 
The total expenditure is to be borne equally 
irrespective of the lengths in their area. 


N 
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3. Due to the imbalance in the length of the 
lines lying in the respective states, the extra 
cost over the equal length in tre other States 
may be borne by the Centre. 

In the case of alternative (i), the cost of the 
transmission lines being high, a State which is to 
connect up the longer distances may be at a dis- 
advantage. As the exchange of power during a 
period of years may be fairly balanced, the second 
alternative has been suggested. As this proposition 
may not be immediately convincing to the States, 
a third alternative has been suggested that the 
partaking States may bear equitable portion of the 
expenditure, the Centre bearing the excess. The 
centre will, however, be compensated for the ex- 
penditure by the partaking States in the form of 
interest. 

In any case, irrespective of the agency to finance 
the works, the execution of the inter-connecting 
lines will have to be done by the respective states 
for the lines in their areas. The designs and the 
methods of construction shall have to be finalised 
at the Centre in consultation with the respective 
States. Necessary assistance for the procurement 
of the materials will have to given by the Central 
Government. A certain amount of uniformity will 
have to be carried out in order to economise in spares 
and to derive the benefit of lower rates due to stan- 
dardised designs in increased numbers. — 


Quantum of power for interchange, 
organisation and control 

The question of economic power generation and 
transmission of power between the states may pre- 
sent certain problems with regard to quantum of 
generation, priority between the respective States, 
crganisation to control the inter-state expirt and 
import of power. For the proper and equitablé 
utilisation and transmission facilities between the 2 
states, it should be operated to the maximum pos- 
sible limit. The need for power in one particular 
State and the extent to which this power can be 
made available from the neighbouring State have to 
be examined. Preliminary programme of power 
and load conditions will have to be charted. De- 
tailed data sheets will have to be collected both 
with regard to the power availability, water resources 
and the needs of the various loads in the respective 
centres. 


A central zonal organisation with adequate 
staff from the respective partaking states will be a 
suitable agency to devise the power availability, 


with reference to the loads. The study will entail 
a detailed analysis cover the entire period of the 
year taking into consideration the fluctuations in 
the day and the seasonal loads of the year. 

Such an organisation should necessarily be cen- 
trally located at the headquarters of one of the states 
SO as te be in close contact with the heads of the 
State Electricity Departments and Beards and should 
be provided with direct communicaticn facilities with 


“knowledge of 





the main generating stations and inter-connecting grid 
sub-station centres from which lines take off to the 
neighbouring states. This organisation shall have 
technical control of an advisory capacity over the 
operation of the main generating stations and grid 
sub-stations limited to the problems relating to the 
inter-state load despatch conditions. For the purpose 
of administrative control it will be a central organi- 
sation and the cfficers of the respective states shall 
werk thereon and will be treated as on other duty on 
deputation to the centre. This organisation should 
have the necessary authority and power to take deci- 
sicns when the view pcints of the respective states 
are divergent under any set of circumstances. 

They should maintain the records of interestate 
load despatch. The bills towards the energy supplied 
to the States shall be routed through this organisa- 
tion who shall check them and forward to the State 
concerned for payment. 


Operation and maintenance 

The operation and maintenance of the inter- 
state lines requires attention from the immediately 
available local staff as it involves an_ intensive 
the areas. The crganisation will, 
therefore, have to be necessarily obtained from the 
respective states taking into consideration the re- 
sources, facilities ficr movement and _ general 
control. 

Though the centre may have borne a part of the 
capital cost of the line, the entire operation and 
maintenance costs are to be berne by the states 
ccncerned which get directly the benefit of the lines. 
The states will, however, have to pay the interest 
on the capital which is contributed by the centre 
in appropriate proportion from the revenues deriv- 
ed by it due te sale of power to the other State. 
Depreciation will have to be contributed by the 
respective states for the lines in their areas, even 
though the centre might have contributed the capital 
as the ownership of the entire line in its area vests 
with the State and the corresponding renewal will 
have to be carried out from its depreciation fund. 

With regard te the day te day cperating instruc- 
tions, they will have to be framed in consultation 
with the 2 states and the Central Watcr and Power 
Commission for the efficient cperaticn and inter- 
transmission of power. Metering will have tc be 
provided at the border with two-way arrangements 
and alse efficient telephonic communication facili- 
ties must be available and attendant patrol-cum- 
switching staticn will have to be Iccated at the 
border where the operating staff of both the states 
will be stationed. 


Rates 
Each part-taking State shall have its respective 
rate for supply for the high-tension ccnsumers 
under nermal ccnditicns of generation and de- 


(C'ontinued on 
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TYPE-OYT 


Service Voltage ms ue up to 15 kV HIGH- 
Making-capacity . 10,100, pk amps SPEED 
Breaking-capacity 75 MVA AUTO- 
Power-frequency withstand is os 50 kV RECLOSING 
Impulse withstand 110 —ikV CIRCUIT- 
Overcurrent coils... i ... 15 to 200 amps BREAKERS 


Reyrolle 


Hebburn - County Durham - England 


Agents : 


BURN & CO., L7TD.,—catcutta 


also BOMBAY, NEW DELHI, KANPUR 


BOMBAY COMPANY (PRIVATE) LTD. KARACHI COMPANY LIMITED 
MADRAS KARACHI & LAHORE 
MYA SEIN CO., LTD. ARTISANS LIMITED 
RANGOON COLOMBO 
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Reduce down-time and repairs 


When yqgu replace worn out parts with genu- 
ine CAT-built Parts, you can be sure of less 
down-time in the future...sure of reduced 
wear, longer life under the most demanding 
work conditions. 

Genuine CAT-built-Paris also assure you 


CATERPILLAR* 


* CATERPILLAR and CAT are registered trade-marks of 
Caterpillar Tractor Company 
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by using 
genuine 
CAT-BUILT 
Parts! 





Cat- built Oil Filters effectively protect 
precision parts of the hydraulic, lubri- 
“31 cating and fuel systems...ensure this by 
“"| filtering all fuel twice. They remove the 
minutest particles to prevent excessive 
wear; prove far cheaper than new parts, 
service bills and machine down-time 














higher profits because CAT-built replacement 
parts are made to the same standards as parts 
for new machines...are pre-tested in the 
laboratory, in the factory and in the field. 
That is why you can be 100% sure when you 
buy genuine CAT-built Parts. 


IN SERVICE Z LIES SUCCESS 


LARSEN & TOUBRO LIMITED 


Bombay P.O. Box 278 . 
Madras P. Bag 5247 e 
Ahmedabad P.O. Box 283 °¢ 


Cochin P.O. Box 55 
Bangalore P.O.Box 98 
Lucknow P.O.Box 149 








The Grandval Dam 


tip GRANDVAL DAM, WHICH HAS JUST. BEEN 
& filled, is situated at the head of the development 
of the Truyere River in the Southern part of the 
Central Plateau in France. 

The complete development, which is being car- 
ried out by Electricite de France, comprises six 
dams and six power stations which utilise average 
water intakes of over 30,00C millicn cubic feet 
(850,000,000 m*) per annum at Grandval and 81,224 
million cubic feet (2,300.000,000 m°) per annum at 
the lowest point of the development, under a total 
head of 1706 feet (520 meters). The total available 
storage capacity of the reservoirs is 19,069,900,000 
cubic feet (540,000,000 m’') and average production 
will be 1,450,060.00) kWh per annum. 


Principle of multiple arch structure 

The Grandval dam is a wide span multiple arch 
dam. 

It could be classified as a buttress dam, except 
that its clear buttress spacing, namely 164 feet (50 
meters), is very wide as compared with that of 
conventional buttress dams. 

The water-retaining structure consists of con- 
crete arches, in which the concrete is subjected to 
similar stresses at a rate of the same order as in 
conventional arch dams. The thickness at Grand- 
val, 14’ 9” (4.50 meters) at the base taken horizon- 
tally and 4’ 11” (1.50 meters) at the crest, enables 
the concrete to be cast in large masses, while a 
comparatively steep batter can be given the arches 
without using falsework for the downstream facing, 
as the arches can take sliding shutterings. 





’ C. Laroche 
Design Engineer, Coyne & Bellier 


At Grandval the upstream batter of the arches 
is 0.7 in 1. To meet the imperative requirement as 
to the middle third in spite of such a steep batter 
the base thickness of the buttress has to be greater 
than the height of the dam, but as the maximum 
thickness of the buttresses is very littlke more than 
that of the arches, this does not call for the use of 
more concrete than is required io prevent sliding. 

It is this requirement which, as in the case of 
all buttress dams as well as gravity dams, deter- 
mines the minimum weight of the structure. In this 
instance, however, the most favourable conditions 
possible exist, as the structure is not subjected to 
uplift and its stability is promoted by a considerable 
weight of water, so that, the upstream batter being 
0.7 in 1, the weight necessary is only about 35%, of 
thai of a gravity dam with the same crest. 

This figure is based on the assumption that the 
coefficient of friction is identical for both types of 
dam, ie., 0.75. At Grandval, however, there is a 
surface stratum of weathered rock approximately 33 
feet (10 meters) thick, through which the buttresses 
pass, being cast into it in open excavation with 
grouting over the whole area of contact. This 
improves the resistance to sliding substantially. 


Conditions for the use of multiple arch dams 


Engineering studies for the construction of a 
multiple arch dam on a given site are justified if 
the following circumstances exist : 

—a wide valley 

—a rocky foundation of fairly good quality 








Plane view 
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Cross-section of floodwater spillway 
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Downstream elevation 
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but inadequate tc give the necessary support on 
the banks for a single arch dam. 

Moreover, the use of this type cf dam simplifies 
the solution of many problems which, with other 
types, might involve serious difficulties—headrace— 
passage of flood water during and after construction 
—lay-cut of power station. 

if there is a comparatively large thickness of 
weathered reck the wide buttress spacing permits 
of limiting excavations strictly to the implantation 
of the arches and buttress. 


Special features of the Grandval Dam 

Apart from a few structures 98 feet (30 meters) 
cr less in height, the first wide span multiple arch 
dam was that at Nebeur on the Oued Mellegue. 

The crest cf this dam is constituted by the suc- 
cession cf semi-circular crests of the arches. 

In the case cf Grandval it was found that this 
arrangement could be improved on by making the 
upper part of the dam in a succession cf small 
gravity dams carried by the arches and buttresses 
rather than continuing the arches up to the top. 

This gives a rectilinear cresi ever which a road 
can be laid, and, by giving the structure a certain 
rigidity, can improve its resistance to seismic effects. 

Among other advantages, this arrangement also 
ensures better distribution of weights and stresses, 
as the centre of gravity is displaced in the upstream 
direction and the slope of the downstream face of 
the buttresses is gentler. 

Finally, from the aesthetic point of view the 
rectilinear crest gives the whole structure attractive 
architectural unity. 

It need scarcely be added that the behaviour of 
this new type of dam was thoroughly studied on a 
small-scale plaster model. 

Tests were also made 
ance of the concrete-rock 


the resist- 
horizontal 


to determine 
adherence to 


Stresses. 
Numerical data 
Some brief numerical data will be cf interest 
to the reader : 
Height : 280 feet (85 meters) 
Length at crest: 1,067 feet (325 meters) 
Quantity of concrete : 6,003,590 cubic feet 
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Typical arch 
and buttress shuttering 


(170,000 cubic meters) 
Spillways capacity: 2x 32,842 

(2 x 930 m/s) 
Installed power : 


cu. ft./sec. 
2 x 35,000 kW. 


Execution of works. Shutterings 

While multiple arch dams require less concrete 
than gravity dams, this saving is offset by an in- 
crease in the unit price, because the actual struc- 
tural work is more difficult and a larger proportion 
of cement has to be used. In a general way, the 
conditions peculiar to each country will have consi- 
derable influence, but there is one point which vitally 
affects the site economy and that is the shuttering. 





Works site in June 1958, showing the order 


Grandval Dam. 
in which the various buttress blocks were executed, with the 
sawtooth joints and general arrangement of shutterings. 
Enterprises Leon Ballot) 
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The Grandval Dam. First discharge over the spillway. 
Filled in 1960. The Grandval Dam is characterized by the 
wide spacing between buttresses, a flexible arrangement 


admirably adapted to broad valleys and large floodwater 


discharges. 


Grandval Dam. 


A tew details on this subject are given below. 


The Metal Shutterings of the Grandval Dam 

Three separate types of shutterings were made, 
one for the arches, one for the buttress facings and 
one for the saw-tocth joints .of the butiresses. 

1. Arch shuttering 

Although the surface is very simple, the facing 
cf a sloping cylinder raises somewhat complicated 
Shuiteritg problems, particularly because the neces- 
sary shutterings cannot be made of conventional 
standard ccmponents horizontally braced by section 
irons. 

fhe arch facings cf the Grardval dum are shut- 
tered with flat panels bolted together and shaped 
by curved horizcntal cross-pieces. They are braced 
vertically by dcuble-flanged bent sheet metal soldiers 
with cantilever scaffclding clements and anti-over- 
turn apparatus for the overhanging downstream face. 
The casting height is 4 2” (1.25 meters) measured 
vertically. 

The uniform height of the parels is 6’ 3” (1.99 
meters). Those placed near the key of the arch are 
2 feet (C.60 meter) wide, those on the abutment side, 
1 feet (0.30 meter) wide. 

As the vertical joints cf the panels are placed 
along the cylinder generatrix. the upper edges of 
the panels are net horizontal and the top of the 
shuttering is saw-toothed, the base of the triangle 
thus formed fellowing the cylinder directrix. 

Since the angle of the plane tangent to the hori- 
zontal is variable, section irons cannot be used for 
crosswise bracing, as they would be corkscrewed, 


Upstream view. 
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and reccurse has therefore been had to tubes fixed 
to the panels by collars. The vertical soldiers, fixed 
io the tubes by collars also, follow the cylinder 
generatrices. They are kepi in position by two 
bolts held in anchorages sunk in the preceding con- 
crete castings. The sunken anchorages are posi- 
tioned by means of a third bolt on the top of the 
shuttering. There is neo conection between the 
upstream and downstream facing shutterings. The 
concrete pressure in cantilever construction is 
absorbed by inertia of the vertical soldiers. 

The shuttering is removed without being dis- 
mantled, a complete half-arch at a time, by meals 
of sheer-legs of a capacity of one ton. 

2. Buttress shuttering 

Lateral faces—The lateral faces of the buttresses 
are equipped with standard shutterings of the semi- 
sliding type, with which successive casting heights 
of 5 feet (1.50 meters) are cbtained. The shutter- 
ings ccnsist of panels of 20” 20” (59 50 cm) 
and 40” 20” (100 50 cm) in most cases, assem- 
bled by means of cctter pins to form moulds of the 





having a 15% slope, the top edge of the shuttering 
is positioned to follow this slope. 

The vertical soldiers are placed parallel to the 
joint intersections so as to avoid dismantling the 
end panels. The  shutterings are removed by the 
same sheer-legs as in the case of the arches, a com- 
plete facing length at a time, without dismantling. 

3. Saw-tooth shuttering of dam joints 

Owing to the saw-tooth shape of the joints, spe- 
cial bent sheet panels had to be made. The vertical 
bracing scldiers are articulated so that the shutter- 
ing can pivot and thus avoid the overhanging faces 
of the teeth during removal. The variation in width 
of the joints is taken up by adjustable panels with 
a sliding steel plate. : 

The shutterings are fitied with a special device 
for putting in the seuralite sealing strips. In addi- 
tion, the reels are held in supports so that the strips 
are always laid in the correct direction. Before 
removal the joint shutterings are made to pivot by 
draw-bars and are then lifted off by means of 





same length as the blocks. Concreting junctions — sheer-legs. 
EFFECT OF SLOW DRAW-DOWN IN EARTH DAM WITH UPSTREAM SLANTING FILTER 
C‘ontinued from page 14) 
conditions totally and even a rapid draw-down 2. Patel, V. J. ‘Design of Earth Dams with Upstream 
conditions become slow draw-down condition, We Santing Filter Proceedings of the First Asian 
feel that this topic should be devel ped further and angel Conterence otf ri International Soc iety of 
. . Soil ( lics ¢ “o € io “nel ering’ ¢ 
shculd be used for making more courageous designs. of as a en oe a 
= e pub mhned soon), 
Acknowledgement 5. Patel, V. J. & Maheshwari. ‘Study of Pore-pressure 
We are extremely thankful to Principal V. in Earth Dams with upstream slanting filter and_ its 
Lakshminarayanan who always inspired us to do ee 1 Se es ee. eee ee 
more research work at the institute. Qur_ thanks a = a ee mer ayeonge 8 = oe -_ 
: ; a Foundation Mngineering at aris in July, by ° 
are to Prof. N. K. N. Murthy who took active teeta ie , 
< : ’ 4. Patel, V. J. Design of the slope protection of Earth 
interest in our work. Dams with upstream slanting filter’. Annual Namber 
8. References of the Rajasthan Branch ot the Institute of Engineers 
1 Patel, V. J. ‘Study of Pore pressure Earth Dams (in Press). 
during Draw-doww’ Die Wasserwirtschat Novem- 5. Reinous, E. The Stability of Upstream Slope of Earth 
ber, 1958. Dams”. 
ESTABLISHMENT OF SUPER-GRIDS 
Continued from page 16) 
mands. The inter-change of power between one ing the basic daia of the original costs of the 


state to another is on a different stand. The power 
that can be transmitted from one State depends 
upon the availability of surplus during the part of 


the day or during the season of the year. Cost of 
such power is of an incremental nature. 
The incremental rates for the States will be 


different depending upon the original capital and 
operating costs. A standard method that is appli- 
cable for such mutual interchange is the average 
of the two incremental rates. This is mainly based 
upen the philcsophy that the export and import of 
power between the two states are fairly equal and 
that the needs of the one are taken care of by the 
surplus from the other. These rates will have to 
be worked out by the central agency after obtain- 
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generating plants, transmission facilities, operating 
cosis and the present financial status. A separate 
central organisation with suitable accounting staff 
recruited from the states shall form this unit. 


Conclusion 

The main problems connected with the estab- 
lishment of a super-grid and its organisation con- 
trol both for the purposes of financing, construc- 
tion, operation and general control have been 
dealt with. The fundamental considerations of 
economy and advantages of overall efficiency, have 
to be the main basis while dealing with these prob- 
lems and should have a preponderant bearing in 
working out detailed plans. 
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Where PROGRESS depends on PERFORMANCE 


Visit any multi-purpose Project and you will find 
Firestone tyres on the dumpers, scrapers and trucks 
that are vital to “ton schedule” operations. 


HERE’S WHY! 


* Firestone off-the-Highway tyre dependability keeps 
expensive equipment on the job and working. 


* Firestone Rock Grip Excavator and Ground Grip Earth- 
mover tyres of sizes 18.00 and above, made in India, 
have Nylon Cord bodies. This gives maximum 


WHEN ORDERING NEW EQUIPMENT 
ALWAYS SPECIFY - 
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protection against impact breaks and ensures thousands 
of hours of extra service. 


The Firestone Rock Grip Excavator tyre illustrated here 
has been specially designed for extra pulling power 
in any service. 


ADDITIONALLY, the Firestone factory-retreading 
programme enables you to have worn-down Off-the- 
Highway tyres retreaded by Firestone in Bombay at a 
fraction of the original tyre cost. Retread—and cut costs. 


Firestone 

















GUIDANCE FOR AUTHORS 


Normally, only original manuscripts will be accepted. 
No manuscript is acceptable if an appreciable portion of 
its subject matter is readily available elsewhere in pub- 
lished form. The authors are requested to note carefully 
the following before sending their contributions; 

1. The manuscript should be typewritten on good 
paper of uniform size (quarto or foolscap) with generous 
margins and double spacing between the lines. The pages 
should be numbered consecutively, and only 
should be used. 

2. The original copy of the manuscript, and not a 
carbon copy, must be submitted. Mathematical symbols 
and Greek letters should be inserted in ink clearly. 

3. The length of a paper will naturally depend on its 
subject matter but it should be as short as the nature of 
the subject will allow. Brevity is the essence of a good 
contribution. There should be no undue recapitulation 
of well-known first principles or engineering theory and 
practice. The length of an article is limited to 5000 words. 
Papers of 5000 to 3000 words will be very acceptable. 
Each paper must give an abstract (not an introduction) 
in about 150 words, suitable for printing at the head of 
the paper. 

4. Manufactured products should not be referred to 
by a maker’s name or a trade-name unless that is un- 
avoidable. 

5. The contents of a contribution should usually be 
arranged as follows: 

*(a) Title 

(b) Table of Contents 
(c) Abstract 

(d) Main Text 

(e) Conclusions 

(f) Acknowledgments 


one side 


(g) References or Bibiliography 

* The title of paper should indicate briefly the main 

subject. When writing his name beneath the title, 

the author should give particulars of his profes- 

sional occupation and indicate his 
rank, 

6. The contribution should be accompanied with a 
brief note about the author’s professional and educa- 
tional background, etc. on a separate sheet and a copy 
of his photograph. 

7. Abbreviations and symbols should conform to ac- 
cepted standards. If any phrase or word, not commonly 
abbreviated, is convenience it should 
be explained when first used. 

8. Section headings, sub-headings and paragraphs 
should be inserted to divide the text into its natural parts. 

9. Extended mathematical proofs, digressions and 
detailed explanations of methods, tests etc. should be 
excluded; they can be added, if necessary, in the form 
of appendices. Long quotations should be avoided: nor- 
mally, a reference to the original publication in the 
text should suffice. 


position, or 


abbreviated for 


10. References must be complete and accurate. The 
details required are: 
For books and pamphlets: author(s), title, publisher, 
place of publication, date of edition and page 
number(s) if relevant. 

For Journals: author(s), title of article or paper, 
unabbreviated title of the Journal, date of issue, 
volume, and page number(s). 

11. Tabular matter should be kept to a minimum. All 
tables should be numbered consecutively in Roman 
numerals and should carry a clear heading. Each table 
should be referred to by its number in the text. 

12. Ditto marks should not be used. 

13. The number of illustrations to each paper must 
normally not exceed 10 figures—graphs or photographs. 
The editor, however, reserves the right not to publish any 
of them. 

14. Photographs must show some unusual or unique 
features which cannot be explained concisely in words 
or by means of a line drawing. 

15. For satisfactory reproduction, photographs must 
be on good glossy paper and clearly and sharply defined. 
Lettering on photographs is undesirable. Negatives should 
not be sent. 

16. Line drawings, curves, diagrams should be drawn 
in bold black lines with Indian ink on white paper or 
card. Good black line prints may be submitted, but blue 
prints are useless for reproduction purposes. 

17. Coloured illustrations should be avoided. Any 
distinction necessary in sectional drawings can be indi- 
cated by different kinds of cross-hatching, and in circuit 
diagrams by the use of different kinds of broken line. 

18. Illustrations must not be drawn in or pasted on 
the text of the manuscript. The (both drawings and pho- 
tographs) should be numbered consecutively throughout 
with Arabic numerals and carry a brief description on 
the back in pencil. Each should have a brief caption, 
and be referred to in the text. Where confusion may 
arise, pencil marking on the back is essential. 

19. Reading matter on an illustration should be kept 
to the minimum. Reference letters may be placed on the 
illustration and explained with the caption notes or in 
the text. The captions and caption notes should prefe- 
rably be collected and listed on a separate typewritten 
sheet. Legends and lettering, if included on illustrations, 
should be in large type sufficiently bold to remain legible 
after reduction. 





20. If a scale is necessary on a plan or other draw- 
ings it should be shown graphically on the drawing: 
stated scales, e.g. “‘l inch to the foot’, will be incorrect 
when the drawing is reduced for publication, whereas 
graphic scales are reduced pro rata with the illustration. 

The authors will be normally supplied with 20 copies 
of off-prints free of charge for their article. If more off- 
prints are needed, they should intimate their require- 
ments at the time of sending their contribution. 
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The Hydraulic Jump 


1. General Introduction 


HE hydraulic jump (Salto di Bidone, Wechsel- 

sprung, Ressaut hydraulique) occurs in the case 
of retarded motion with change of the flow state, 
that is when a transition from the shooting to the 
tranquil flow takes place (fig. 1). 





-} 
a ——— 
- ae 
77 toe Sr erase 
«) «@) ao) cy) 





Co MOTION —efee RETD MOTION le uniFoum 


Motion 


The 


ACE MOTION PETD MOTION —a}— UNIFORM 


Fic. 1 hydraulic jump. 

This phenomenon is already described by D. 
Gugliclmini [1]. The first systematic investigations 
were undertaken by G. Bidone in the year 1818 
[2]. and hence the later Italian name as Jump of 
Bidone. In the subsequent time research was carried 
out by J. B. Bélanger with the energy theorem [3] 
and with the momentum thecrem [4]; also J. V. 
Poncelet, J. A. Bresse and J. V. Boussinesq engaged 
themselves with this problem. Comprehensive re- 
search has been carried cut, for which E. Elevatorski 
[5] cited already 504 publications. 

The conditions in the section (1) are dependent 
on the upstream flow and those in the section (u) 
are dependent on the uniform downstream flow. For 
both the water depths as 


Yi<ye and yu>Yo 
the corresponding heads of energy are bigger than 
H,,,. Therefore in the zone of retardation a depth 


y=y. cannot occur, for an energy head H=H,,\, is 
quite impossible. Consequently the transition from 
shooting to tranquil flow must take place with a 
jump. because it is in any way H>Hy in. This 
jump cccurs at the end of the retarded motion as its 
height will be a minimum only there. Already 
Leonardo da Vinci pointed out that the movement in 
nature occurs along the shortest path (Ogni actione 
di natura é fatta per la pit: breve via ch’é possible). 
This means the same as the principle of Fermat and 
the principle of least energy by Gauss. 

It is also menticned by P. Boss [6] that the change 
of the flow state occurs in that section where the 
energy line from the retarded motion intersects that 
from the uniform motion. By L. Escande [7] it is 
explained that the jet under the surface roller is 
bursting at a certain distance from the low section. 
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Dr.-Ing. P. G. Franke 


Professor, Techn. Hochschule Miinchen 


In the fcllowing considerations the lengths (fig. 2) 

may be denoted as under : 
1,= length from a significant upstream section 
(foot of the back side of weirs or upstream 


section of gates) upto the low section 
(transition from the accelerated to the 


retarded motion). 
= length between low section and the foot of 
the top roller. 








1,= 1,.= length of the top roller. 
1,= length from the end of the top roller upto 
the complete uniform flow. In this distance 
bubbles of air are still contained in the 
stream and the surface is slightly un- 
dulated. 
1*.= 1,+ 1,=total length of the disturbed surface. 
f= 1,+1.= free length of the shooting stream. 
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Fic. 2 The lengths of consideration. 


Regarding the conditions in the retarded zone three 
cases may be generally distinguished : 


f>1, or 1I.>C: Partial free jet (free top 
roller) 

f=1, or 1,=0: Limiting case of an even 
free low section 

f<1, or 1,<0: Submerged jet (rejected 


top roller) 
The undisturbed uniform downstream flow may be 
assumed in the section (3) or (4). 
For further explanations a constant rectangular 
profile of the channel only will be considered. 


2. The Height of the Jump 
Assuming that the jump occurs without any loss 
of head (fig. 3) it will be 
Ay =yu-yu" 
with y,° as corresponding or theoretical conjugate 
depth to y. = y,’ for the energy head H,. 
This height can be easily obtained by applying 
Flierl’s o—/ — method [8, 9] as 
Ay = (f-/" Ha = 4/7 A 
regarding the general conditions 
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a 
Naturally, other relative numbers [9] can also be 
used if convenient 

It is pointed out by K. Flier! [10] that the jump 
may not occur without any loss, hence it must com- 
mence from somewhat upstream of the section (u). 
This opinion is convincing, however, research work 
is required. In the meanwhile this part of loss and 
the subsequent length of the jump may be consider- 
ed as included in the corresponding values of the 
retarded zone. Perhaps the length |, is related to 
this length of the jump. 


3. The Top Roller 

About the conditions of the surface roller no 
precise data are available. Only empirical values 
for the determination of its length are found out. 

These facts are surely dependent on the height 
of the jump. Therefore it seems advisable to express 
them as functions of Ay or Af. 

It is assumed by K. Flierl [10] that between the 
part of the discharge which produces the roller, and 
the segment of the q-line which corresponds to Ay, 
a relation will exist. This could be expressed by 
the relative number 

Bbs= a,,..— 65 = 0.3849 — o 
which is a function of A/. 


4. The Length of the Roller 
It will be assumed 1, =O and the zone of retarda- 
tion (fig. 4) having the total length | may be bound- 
ed by the sections (I) and (II), for which the section 
(1) is identical with the low section (1) and that (ID) 
corresponds to the most upstream section of the 
uniform flow downstream (u). 
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Fic. 4 The sections (I) and (II). 
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Formule by K. Safranez : The previous expres- 
sions [11] given as | =4.5y,, were later [12] modi- 
fied to | =4.3 y,, with regard to the experiments by 
J. Pietrkowski [13]. 

Formula by C. Woycicki [14] : 


J yn 
1= ,;8-—0.05 —|(yn-y,) 
). vf 
Formula by J. Smetana [15] : 
1=6(y;,—y,) 
Complicated empirical formule may not be 
mentioned here. A fair summary is given by 


D. Citrini [16]. 

Expressing the length of the surface roller as 
depending on the height of the jump. that means as 
a multiple of it [17], then follows 

1=74y and subsequently 
wherein the factors 7. and 2.* are functions of 4 
Some empirical reference values 


[#=2.* Ay 


i n* 
A i i —-— —_——- 
\ Af n/ / 
0.25 4.5 6.2 9.0 i235 
0.30 3.1 6.9 9.3 12.6 
0.35 bs roe 9,3 12.7 
0.49 5.8 8.1 9.1 12.8 
0.50 6.0 9.2 8.5 13.0 
0.60 6.1 10.2 7.9 13.2 
0.70 6.2 11.3 7.4 35 


A stable top roller cccurs in the cases of H, > 


1.05 H,,,,. otherwise an undulated transition takes 
place. Therefore the length of the roller must be 


zero in the range of such small values of Ay. The 
curves with the above values are revealing this fact. 
It may be menticned that the values of Smetana’s 
formula are nearer to those of 1=2z4y, however 
somewhat bigger. and the values of Woycicki’s 
formula are nearer to those of 1*=i*4y, however 
in general somewhat smaller. 

Escande’s empirical formula [7, 18,19] for the 
distance of the bursting point from the gate 

.=6 (y;, -- a) 

represents obviously shorter lengths than Smetana’s 
expression. 


5. The Water Depths 

Exact determinations in the zone between the 
sections (I) and (IL) are not possible as yet, for no 
precise relations about the course of the energy line 
are available. However, formule expressing a rela- 
tionship y,,=f(y,) or analogously y,=f(y,,) may be 
considered particularly. 
5.1. Conditions with H=const and S=const 

With H is denoted the energy head above the 
floor of the channel as 

u « ¢ 


H=y \ 
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The expression 


2 a i “aq 
S= +—-q V= —+—— 

g 2 g 
is a term in the total force equation, which is a 
modified form of the momentum theorem 

f (S,, -—S,)=P 

where P represents the external forces at the entire 
zone except those of hydrostatic pressure. 

It is evident from the relaticns cf H and § that 
any discharge q<q,,., will be possible twice, in 
the subcritical region (v’<v.) with y’>y, and in 
the supercritical region (v” > v,.) with y” <y,. The 
depths y’ and y” are the corresponding values either for 
H=const or for S=const, based on the conditions 
concerned in one section only. Therefore it is not 
quite correct to apply these corresponding depths 
for two different sections as 

y.=y” and yn=y’ 
with the assumption of SH=H,—H,,=O or with 
that of AS=S,—S,=O. However, as an approxi- 
mation for the relations between two sections, such 


Oo 


Ww | << 


simplifications may be helpful. The particular 
kinds of influences are to be considered separately. 
With the assumption of H,=H,,=const and 
a=1[9] the correspcending depths for H > H,,,, are 
_@ ix” 
y= — ety (—4 ky” 
st af ¢ 
and 
k’ k” 
y"=—-, +k’y’ 
a + 
Applying cach of these values for the two section 
concerned, the results must be incorrect, because 


the loss of head cannet be neglected in this case. 
Mcrecver the difference 

4yn=y' -y" deat 
(H==H,,) represents the height of the jump which is 
naturally smaller than the difference 

Sy=yy,—J; 
between the two actual depths. It may also be 
merticned that with A H=O it would follow S, < S,. 


With the assumption of $,=S,,=const and a=1 


[20] the cerresponding depths for S > §,,,, are 
y” y” 
y= , : 4k”v ” 
9 
. « 7 
and 
y’ y 
y’= q=3 4k’y’ 
9 
ma “ . . . 
The difference of these corresponding values is bigger 
than the previous one, in short 
Sys > Ayp. 


Further, for 4S=O the relation H, >H,, will be 

obtained, which corresponds to the real conditions. 
The relations between SyYy and AYs may be 

demonstrated by the m-lines concerned (fig. 5). 
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Hig. 5 The curves m = m(n) for H = const and 
S = const. 


The application of methods with relative numbers 
is advisable also for calculations of this kind [9, 20, 
21}. 
5.2. Other formule 

The formula by J. Ch. Borda [22] for the loss of 
head at sudden enlargements of pipes is not applic- 
able for the conditions in open channels, as already 
pointed out e.g. by Ch. Jaeger [18] and J. Frank (23). 
However the relation 

r.. Vi P, wi (Wi—vny 
+ = 4 ' Z — 
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2g 
is sometimes modified for 
hydraulic jump [16, 11, 24). 
genera] expression 


the conditions at the 
Applying the derived 
Yu =v yk, 

as an overall-formula, the average values from about 
100 experiments of various authors 


L6<eo< iS. tor 13 — < 10 


are obtained. 
6. The Loss of Head 


With the relation 4 S=O it follows 
difference in the energy heads 


for the 
(Yn-y,) 
4 H=H, —H,,= 


4y, Yn 
which was already derived by J. Ch a [25]. 
It is also possible to express the total loss of 

head in the entire zone (fig. 4) in terms of 

~ Ae=Ae,+ Ae, 
in which Ae, represents the loss of head of the 
shcoting jet having the depths y, and y,”=y,” and 
Ae, is the additicnal loss of head due to the surface 

(Continued on page 29) 
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134 countries can’t be wrong— 
Last year the BICC Group traded in 134 countries. We supplied cables, 


conductors and accessories for every electrical purpose, and sales amounted to Rs. 14,76,30,000. 


in the lead 


Why such a demand? Well, we're not only the world’s biggest cablemakers ; 


we're the most experienced too. Here are some of our recent developments. 


a 
* 
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The Ductless Shaped-conductor Oil-filled cable is 
BICC’s latest development in 33kV transmission. 
Dispensing with fillers and built-in ducts, the design 
means economy in materials and manufacture. 
Consequently, costs are lower. The advantages of 
D.S.O. Cables were quickly recognized. They have 
already been ordered for a number of installations 
in Britain and South Africa. 


CABLES FOR THE 
FIRST NUCLEAR POWER STATION 


BICC supplied cables and acces- 
sories for Calder Hall, England, 
the first nuclear power station in 
commercial operation. The cables 
included specially designed types 
resistant to intense radiation and 
heat, for operating the fuel charging 
and discharging grabs 








BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21! Bloomsbury Street, London, W.C. | 


BRITISH INSULATED CALLENDER’'S CAp_“S LIMITED, Esplanade House, Waudby Road, Fort, Bombay 


2086 


-«- designed for economy 


VANCOUVER POWER LINK 


The 138kV Submarine Power Link 
between the British Columbia 
mainland and Vancouver Island 
required seven unjointed cables 
each 16 miles in length: the longest 
unjointed power cables ever! 
Although this project was consi- 
dered to be impossible by the 
electrical world, BICC designed, 
made and laid the cables with 
conspicuous success. Altogether, 
Rs. 4,75,00,000 worth of power 
cable contracts have been placed 
with BICC by the British Columbia 
Etectric Co., Ltd. 





Bombay Office: 


330,000 VOLT CABLE FOR KARIBA 


The Kariba Dam is being built 
on the Zambesi River to provide 
hydro-electric power for Central 
Africa. Transmission equipment 
for this project is being manufac- 
tured by BICC. Altogether, orders 
for this Company total some 
Rs. 4,75,00,000 and include a 
specially designed 330,000 volt 
single-conductor oil-filled cable— 
at present being manufactured— 
which willconnect the underground 
power house to the overhead 
transmission lines. This will be the 
highest voltage cable ever installed 
in Africa. 


Branche. ,*- Calcutta, Madras 


INDIAN JOURNAL 


OF POWER & RIVER VALLEY 








the world’s largest cablemakers 


DEVELOPMENT 














' 


LATTES OR 





A Werc halter: ) mee 1) COS Ge Ta 





ENERGY POLICY FOR EUROPE 


A recommendation designed to 
help each Member country in fram- 
ing energy policy in the light of its 
own national interest, legislation, 
economic structure and need for 
develcpment, but taking into account 
the needs and possibilities of the 
O.E.E.C. area as a whole, has been 
adopted by the O.E.E.C. Council. 

Abundant supplies and keen com- 
petition have remained outstanding 
features of the energy markets since 
the O.E.E.C. Energy Advisory Com- 
mission, a group cf experts under 
the chairmanship of Prcfessor Austin 
Robinson, drew up its report “To- 
wards a New Energy Pattern in 
Europe”. Based on an assessment 
of prospective market conditions, 
the Commission had worked out a 
number of principles which, in their 
view, should govern energy policy 
in the future. The conclusions of 
this repert call for action at national 
as well as international level, and 
thus the O.E.E.C. Council instructed 
the Energy Committee, composed of 
government representatives and 
mainly concerned with matters of 
energy policy, to study this report 
in close ccllabceration with the Com- 
mittees dealing with the different 
sources of energy and other interest- 
ed bodies of the Organisation. It is 
on these studies that the new recom- 
mendation is based. 

The first part of the recommenda- 
tion urges Member countries, when 
secking solutions for the various 
problems arising in ihe energy sec- 
tor, to take into account a series of 
conclusions, a summary of which is 
given below : 

Long-term energy policy should 
be based on the assumption that 
there will not be any lasting short- 
age of energy supplies in Western 
Europe before 1975. It shculd attach 
the utmost importance to securing 
plentiful supplies of low-cost energy. 
at the same time leaving the con- 
sumer the greatest possible freedcm 
of choice. Everything should be en- 
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couraged that may lead to a more 
rational use of energy. 

The expansion cf indigenous 
energy resources should be developed 
or encouraged insofar as they can be 
explcited in sound economic condi- 
tions. Gcvernments should permit, 
as far as possible, the applicaticn of 
a more flexible price policy fer coal. 
Better methods of marketing energy, 
and especially coal, should be cn- 
couraged and the greatest importance 
attached to the transformaticn of 
coal inte secondary forms of energy. 
Measures should be kept in view to 
provide a rapid remedy for any 
shortages or surpluses, while ensur- 
ing that they have the smallest 
possible effect on an economic pat- 
icrn cf energy consumption. 

In order to prevent distortions in 
the energy market, it is recommend- 
ed that the ideal situation in which 
the prices of the different forms of 
energy reflect the costs and scar- 
cities of individual types cf energy, 
should be borne in mind, so as to 
ensure that each is used for the 
purpose in which it can be employ- 
ed to best advantage. As far as 
practicable, fiscal policy should be 
designed in such a way that taxes, 
charges and customs duties do not 
lead to the preference of a less eco- 
nomical for a mere economical 
form of energy. It should be en- 
sured that tratisport rates do not 
introduce an element of distortion 
into national and international com- 
petition. Governments should gene- 
rally refrain from preventing sound 
economic management of produc- 
tion, transport and distribution of 


EASTERN RAILWAY 


British Insulated Callender’s Cables 
Limited have been awarded a 
£ 1,000,000 contract from the Indian 
Railway Board fcr the supply and 
installation of overhead equipment 
for 25 kV 50 cycles ac. railway 
electrification over 250 track miles 


the different forms of energy and 
bodies controlled by public autho- 
rities should normally make suffi- 
cient provision in their prices for 
return on capital. 


A number cf the conclusions refer 
especially to coal-producing coun- 
tries. These Member countries 
should encourage the concentration 
of production in mines where pros- 
pects for preductivity and cost are 
favourable, and should take care 
that any action taken to overcome 
the technical and sccial difficulties 
of the coal industry does the least 
possible damage to the structure and 
eccncmic development of the supply 
and use cf energy as a whole. They 
should give thought to the possible 
difficulties that might be created by 
a pension scheme attached exclusive- 
ly to the coal industry in the case of 
stable or slowly declining employ- 
ment in coal-mining and take full 
account, when determining energy 
policy and economic pclicy in gene- 
ral, of the social and human prob- 
lems invelved in any reduction of 
employment in coal-mining. 


Apart from recommending that 
these conclusions of the Energy 
Committce should be taken into 
acccunt when planning national 
energy policy. the recent O.E.E.C. 
Ccuncil recommendation provides 
for increased international consul- 
tation in the field of energy within 
the framework of O.E.E.C. and 
continuing co-Operation with other 
international organisations. It was 
decided that Member countries shall 
report to the O.E.E.C. by Ist April 
1962 on the action taken to imple- 
ment the recommendation. 


ELECTRIFICATION 


of suburban railway in the Calcutta 
area. With this latest contract, the 
third of its type which BICC have 
received from the same scurce since 
December 1958, the Group will have 
been responsible for nearly 1000 
track miles of 25 kV 50 cycles a.c. 
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BICC CONTRACTS IN BLACK 
electrification in India at a cest of terminals still being operated by 


some £ 4,700,000. 

The first contract, anncunced in 
December 1958, was for the electri- 
fication cf a 40) mile section near 
Calcutta cf the main line between 
Calcutta and Bombay cn the South 
Eastern Railway. This section, be- 
tween Tatanagar and Rcurkela, with 
a branch from Rajkharswan to Don- 
goapesi, links the iren cre fields in 
Bihar with steel plants at Tatanagar 
and Rourkela. Very rapid progress 
has been made on this contract, 
which was the first to be awarded in 
India for high veltage a.c. operation. 
A trial section was put inte operation 
12 months frem the date cf order, 
and the major pertion of the scheme 
is already in commission. 

Under the second contract award- 
ed tc the BICC Group, which was 
announced in June 1960, some 308 
miles of the Eastern Railway system 
between Delhi and Calcutta are be- 
ing electrified. This section lies 
between Gaya arid Moghalsarai, and 
includes the largest marshalling 
yards in Asia. Both this contract 
and the previcus one were for freight 
service and intended primarily to 
provide the rail link that is essential 
for India’s expanding steel pro- 
gramme. fhe new contract will 
facilitate the carriage cf both freight 
and passengers to and from the deve- 
loping suburban arcas of Calcutta, 
particularly those to the North and 
North-East. Scuth cf the city, Seal- 
dah station, which is embraced 
within the overhead electrification 
scheme, will eventually be able to 
handle a greatly increased volume of 
rail traffic. Sealdah is said to be 
one of the World’s busiest major 


steam traction. 

[hese three orders, taken in con- 
junction, represent an important 
contribution by the BICC Group 
towards the implementation of the 
Indian Railway Beard’s decision to 
standardize the country’s electric 
iraction systems. The latest con- 
tract, when complete, will consti- 
tute the first suburban railway 
section ir India to be equipped for 
overhead high voltage a.c. opera- 
uon., 

The decision by the Indian Rail- 
way Board to standardize the pat- 
tern of electrification for 25 kV 50 
cycles single-phase a.c. working has 
already been referred te. Previous- 
ly, lines in the Bombay district 
were cquipped for 1500 volt d.c. 
operation, and in the Calcutta area 
lines were equipped fer 39090 volt 


WORLD BANK LOAN 


ihe Executive Directors of the 
World Bank have approved a loan 
equivalent te $21 million to the 
Commissioners cf the Port ef Cal- 
cutta. The loan will help to finance 
dredges and cther floating craft to 
maintain navigation on the Hookhly 
River approach to Calcutta, and 
equipment and works to improve 
the efficiency of the Port. The loan 
will also finance the foreign ex- 
change costs cf a hydraulic study of 
the Heoghly River to help solve 
the problem cf siltation in the river 
and to determine the feasibility of 
establishing a deep-water satellite 
port farther down the river at Haldia 
to accommedate bulk cargo vessels. 

Calcutta as a port is vital to the 


d.c. operation. The overhead equip- 
ment for cver 500 track miles of 
the lines in the Bombay area was 
designed, supplied and erected be- 
tween 1923-1930 by the BICC 
Group, who also, in more recent 
years, supplied and installed the 
power and communications cables 
on the 3000 volt d.c. system in the 
Calcutta area. 

Among cther recent notable con- 
tracts fulfilled by the BICC Group 
in India was the supply and ins- 
tallation in September 1960 of 9500 
yards cf three-core 105 kV cil- 
filled cable between Sewri Fort and 
Carnac near Bombay for the Tata 
Power Company. In this connec- 
tion, it is of interest to recall that 
it was in the Carnac area, and also 
for the Tata Power Company, that 
the BICC Group supplied and in- 
stalled 16.500-yards cf 100 kV 
impregnated Pressure cable—-the 
first supertension cable installation 
in Asia—the switching in of which 
took place in April 1957. 


The BICC Group have operated 
in India for mere than 50 years, 
and, together with their Indian 
asseciates, have an unparalleled re- 
cord of manufacture and _ installa- 
tion in the field of electric power 
iransmission. The technical assist- 
ance that the BICC Group have 
provided to their asscciates has 
played a major part in India’s in- 
dustrial development. 


TO CALCUTTA PORT 


cecnomy cf India since the hinter- 
jand it serves is India’s largest indus- 
trialized region. Calcutta is also the 
centre of the tea and jute trades, 
which together account for over a 
third cf India’s export earnings, and 
is rising in importance as a centre 
for the manufacture cf engineering 
and metal gocds. The volume of 
carge handled by the Port is now 
1G million tons a year and is expect- 
ed to increase by about 3 million 
tons over the next four years. 
Because cf its location, some 120 
miles from the Bay of Bengal on a 
changing and treacherous river, the 
Pert of Calcutta needs a large fleet 
of dredging and navigational craft. 
Access to the Port is hampered by 


INDIAN JOURNAL OF POWER & RIVER VALLEY DEVELOPMENT 








sand banks in the estuary and Il 
large sand bars in the meandering 
river stretches. Furthermore, ship- 
ping in the river is subjected to 
hazardcus bere tides during most of 
the year. Due to increased siltation 
navigation fcr ships drawing 26 feet 
has been severely restricted most 
days cf the year in the last three 
years ; thus, mcdern ships of 10,000 
deadweight tons cr more cannot 
enter the Pcrt when fully loaded. 
Part cf the proceeds of a $29 mil- 
lion lean made by the Bank in June 
of 1958 for varicus imprcvements 
at the Port was used to purchase 
additional dredges required to alle- 
viate acute siltation. 

The greater part of the current 
Bank Ican will be used for the pur- 
chase of about 20 floating craft. of 
which four will be large dredges and 
six, auxiliary dredging vessels. With 
this addition to their dredging fleet, 
the Commissioners should be able 
tc achieve their objective of main- 
taining access to the Port the year 
rcund fcr vessels of 26-foct draft. 
The werks to be undertaken to im- 
prove the Port itself include the 
extension of the western arm in 
King George’s Deck to provide hold- 
ing space for four ships and four 
dclphin berths for ships undergoing 
repairs ; the installation of a water 
recirculation scheme in Kidderpore 
Decks tc help eliminate the siltation 
problem in the decks, and the re- 
placement of a 70-year old swing 
bridge. Cranes, fork-lift trucks, trac- 
ters and trailers will be added to 
the mechanical cargo handling equip- 
ment of the Port. Repair and main- 
tenance facilities are to be improved 
by the installation of modern plant 
and machinery in the Port’s work- 
shops and shipyards. 

[he Commissioners of the 
of Calcutta and the Bank 
great importance to the hydraulic 
studies to be undertaken of the 
Heoghly River. In order to assure 
that these studies are promptly ini- 
tiated. and carried out cn a continu- 
ing basis, the Commissioners will 
establish a Hydraulic Study Depart- 
ment manned by Indian hydrclogists 
and assisted by highly qualified 


Port 
attach 


foreign experts supported by the 
leading hydraulic laboratories 
abroad. 
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The total cost of the equipment, 
the study and works included in the 
prcject is estimated at the equivalent 
of $31 million. The Bank loan will 
cover the foreign exchange require- 
ments and the local currency costs 
will be previded by the Commis- 
sioners of the Port of Calcutta. 
Equipment to be financed by the 
Bank loan will be prcecured on the 


basis of international 
bidding. 

The Bank loan is for a term of 
25 years and bears interest at the 
rate of 53% per annum including 
the 1%, commission which is allo- 
cated to the Bank’s Special Reserve. 
Amertization, will begin May 15. 
1966. The loan is guaranteed by 
lindia. 


competitive 


THE MOST POWERFUL HYDRO-ELECTRIC GENERATING 
STATION IN FRANCE SUPPLIED BY A UNIQUE DAM, AT 
LA BATHIE-ROSELEND 


' 


Two of the 6 turbines of the t.a 
Bathie power station, in Haute- 
Savoie, have been started up for 
mechanical trials. These are the very 
first movements of the most power- 
ful hydroelectric generating station 
in France which is supplied by the 
Roselend dam, one of the key ele- 
ments in the equipment of the Isere 
river basin. This dam, 800 meters 
long at its crest, and 150 meters high, 
whose daring design is due to that 
great’ engineer. the late André 
Coyne. is a_ structure which is 
unique in the whole world, a com- 
bined arch dam and buttress dam. 

At Roselend, 23 intakes and 52 
km ef galleries collect. at an altitude 
of more than 1660 meters the water 


frem the mountain torrents and, 
with the natural tributaries, create 
un immense Jake cf an area of 320 
hectares, i.e, in this case, a reservoir 
cf 187 million cubic meters of water. 

From Reselend, the mouniain 
water runs into a tunnel 4.20 meters 
in diameter, then into the penstock 
and attacks the bucket cf the Pelton 
Wheels at the La Bathie water station 
under a head of 1200 meters at a 
speed cf nearly 500 km per hour. 
This is an undergrcurd power 
station. There are six turbines of 
113,006 HP in the large machine 
room hellcewed out cf the solid rock. 
The total gress producticn of the 
plant will be cne million kwh per 
annum. 


AN IMPORTANT INDUSTRIAL UNIT 


An important milestore in the 
history of The Associated Cement 
Companies Limiied was the forma- 
ticn cf ACC-Vickers-Babeeck Limi- 
ted in January 1959. in collabora- 
tion with Vickers Limited and Bab- 
cock & Wilccx Limited. two world- 
renowned British Companies. ACC 
holds 49.8°., of the Equity Capital. 
of the company, and Vickers and 
Babcock together hold «a further 
49.8°.,. The total investment in this 
Project (including borrowed capi- 
tal) will exceed Rs. 10 crores. 

ACC-Vickers-Babcock Ltd. (AV B) 
has been formed with the cbject of 
setting up a plant at Durgapur, West 
Bengal. for manufacturing Cement 
Making Machinery, Mining Equip- 
ment and ‘Babccck’ Sieam Raising 
Plant. It will make a corsiderable 
contribution towards the targets set 
by the Government for the manu- 
facture of this equipment under the 


Third Five Year Plan. Remarkable 
progress has been made since the 
formation of AVB. The construc- 
tion of the works is well ahead of 
schedule and preduciicn is expected 
to start soon. 

The Werkshops, designed on 
modern lines by Messrs. Balfour 
Beatty & Co. Ltd., a firm of British 
Consultants, have been built partly 
frem Indian steel and partly from 
sicel imported from the U.K. The 
Shops are equipped with electrical 
overhead travelling cranes, three of 
which have a lifting capacity cf 70 
tons each. All the Shops have been 
designed so that there is room for 
pregressive expansion. 

A large number of the machine 
tecls are being supplied from the 
U.K. These will include a 3,030 ton 
Hydraulic Press capable cf bending 
steel plates up to five inches thick, 
for use in the manufacture of high 
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An impressive view of the vast tube 
shop under construction. 
pressure boiler drums, heat ex- 
changers and pressure vessels for 


the fertiliser, chemical and oil refin- 
ing industries. The 22-ft. vertical 
borer which is being installed will 
be one of the largest of its kind in 
India. 

Since the manufacture of boilers 
involves the mcst advanced welding 
techniques, tlc latest equipment 
required for the purpose is being 
installed. Also being installed is 
X-Ray equipment operated by 1000 
curies of high intensity cobalt ‘60° 
and capable cf penetrating six in- 
ches of steel. A large annealing 
furnace, 22’ 56’ is being supplied 
from the U.K. This furnace will be 
used for stress relieving not only 
welded boiler drums and_ pressure 
vessels but also welded shells of 
tube mills and rotary kilns. 

AVB has acquired Babcock & 
Wilcox India Limited, which Com- 


pany will be responsible for the 
erection and servicing cf boiler 
plants and pressure vessels manu- 


factured by A.V.B. 

The Company has, in addition to 
other orders, obtained an erder for 
the supply of four water tube boilers 
to the Government of Maharashtra 
for the Power Station at Khaper- 
kheda. These will be the Babcock 
Radiant-type boilers fired by auto- 
matic spreader-stckers with a total 
steam-raising capacity of 3,26,00) 
kilograms per hour at 62 kilograms 
per sg.cm. with a super-heated 
steam temperature of 496°C. At least 
20°, of this order will be manufac- 
tured in India, the balance being 
imported from the U.K. This order 
will provide the workshops of 
A.V.B. with an initial load. Subse- 
quent orders will contain a much 
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the well-built 


AVB 


A typical view of 


neat 
houses fo staff. 

higher percentage of components 
manufactured in India. 

AVB has also secured orders for 
the manufacture of cement making 
machinery. This machinery will be 
manufactured acccrding to designs 
developed by AVB in collaboration 
with ACC and Vickers Ltd. and by 
adepting the designs of the Fuller 
Company of America for certain 
specialised items. 

After the completion of the first 


HALDEN REACTOR 


The O.E.E.C. Eurcpean Nuclear 
Energy Agency recently published 
the Seccnd Report to its Steering 
Cemmittee cf the Halden (Norway) 
Beiling Heavy Water Reactcr Pro- 
ject. The reactor, which first went 
critical in June 1959 and achieved 
beiling for the first time in October 
1969, is at present the only one of 
its type to have reached this stage. 

The Project’s First Report, which 
short technical document 
covering the preliminary period of 
joint Operation, was submitted to the 
ENEA Steering Committee in 
Nevember 1959. The Report pub- 
lished covers not only the technical 
pregress achieved during the period 
under review (Ist Nevember 1959 to 
31st December 1960) but also gives 
a detailed description of the reactor 
installation and the general adminis- 
tration of the Project. 


Was a 


As Sir Basil Schonland, Chairman 
of the international committee 
which directs the Prceject, writes in 
a fereword: “A comprehensive 
record is thus cempiled for future 
reference, and in publishing — this 
reccrd a complete picture of the 
Halden project is made available 





Erection in progress of the 700 ft. long 
vessel bay. 


stage cf the Project some 1,500 
persons will be employed and they 


will be housed in a self-contained 
garden city. Over 600 quarters are 


under construction of which the 
smallest for the lowest-grade artisan 
will contain a living room, a bed- 
recm, a_ kitchen and a_ separate 
lavatcry and bathroom. All the 
quarters will be provided with run- 
jing water, clectricity and modern 
drainage. 

PROJECT REPORT 

to all these who interested in 
this undertaking”. 

The Repcrt is in six sections, of 
which the first (Intrcduction and 
Organisaticn) surveys briefly the 
histcrical background of the Pro- 
ject. its structure and objectives, 
and a number of administrative 
details, including staff organisation, 
contracts policy, arrangements cover- 
ing informaticn and patents result- 
ing from the experimental work, 
and finance. 
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The cther sections cover the re- 
actor design and constrection, fuel, 
reactor cperation, safety organisa- 
tion and the research programme. 
There is also a list of reports pub- 
lished by the Project. 

The total cost of the plant, includ- 
ing heavy water and the first uranium 
fuel load, was $3.5 million. The 
second fue! charge will ccst apprexi- 
mately S 500.000. 


Main Characteristics 


Thermal power : depends cn the 
fuel charge. ultimate design level 
20 MW. 

Moderator and coolant : 


of D.O. 


16 tons 
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Fuel, first charge : 7 tons natural 
uranium metal in l-inch diameter 
cylindrical rods, with aluminium 
canning. Some enriched “spikes” in 
Stainless steel cladding. 


Fuel, second charge : 1,500 kgs. 
of 1.5%, enriched uranium oxide, 
made up into 16) 7-clement assem- 
blies cf zircaloyclad rods. 


Maxinium thermal reutron flux in 
fuel: at 5 MW—1.2x10" n/cm 
sec (first fuel charge) at 20 MW— 


5.4x 10" nscm* sec (second fuel 
charge). 
Pressure vessel: stainless steel 


lined, mild steel. Top lid mild steel. 
Internal diameter 270 cm., cylindri- 
cal internal height 402.5 cm. Top 
lid 70 cm. thick Curved bottom. 3 
stecl plates as thermal shicld pretect 
the top lid. 


Core : Hexagonal lattice pitch 130 
mm. Height 246 cm. 


IFC LOAN FOR PUMPS 


The International Finance Corpo- 
ration announced a commitment to 
invest US $210,000 in KSB Pumps 
Private Ltd., of Bombay, India, to 
help finance the construction and 
operation cf a plant at Pimpri, near 
Poona, for the manufacture of 
special-purpcse pumps. 

Principal shareholder is Klein, 
Schanzlin & Becker AG (KSB) of 
Frankenthal, Germany. This firm was 
formed in 1871 and is today a lead- 
ing manufacturer cf a wide range 
of pumps, compressors, and valves. 
Other shareholders are : The Indus- 
trial and Prudential Investment Co., 
Ltd.. cf Bombay; The New India 


Development Corporation (Private) 
Ltd.; and a private investor. 

KSB will be responsible for con- 
struction of the plant, and for the 
Indian company’s management and 
technical directtion. 

Preduction is planned at about 
800 pumps annually, and is expect- 
ed te begin in 1962. 

Total cost of the project is esti- 
mated at $630,000 in U.S. dollars 
and dollar equivalent. 

The IFC investment of $ 210,000 
is in unsecured dcllar notes bearing 
7%, payable in dollars, and maturing 
between 1966 and 1971. IFC will 
also be entitled to receive additional 
interest in rupees related to profits. 


INDIAN NATIONAL GROUP OF THE INTERNATIONAL 
ASSOCIATION FOR BRIDGE AND STRUCTURAL 
ENGINEERING 


The Association entitled “the 
International Asscciation for Bridge 


Control, first charge: 10 tubes of & Structural Engineering” with head- 


Cd, 5 cm. diameter, penetrating into 
the core from above at lattice posi- 
tions. 


Biclogical shield : Side : steel 13 
cm, H.O 37.5 cm, concrete 250 cm. 
Tep : steel approx. 100 cm., con- 
crete approx. 200 cm. 


Heat transjer : direct boiling, 
natural circulation. Ist charge at 5 
MW. Heat-flux. average : 8 watts 
cm? Heat flux, maximum : 3° watts 
cm’ Exit steam void ratio in the 
shrouds 50%, maximum. Sub-cooler 
takes maximum | MW of power ; 
inlet temperature sub-cooler (second- 
ary side) 1062°C., outlet temperature 
135°C. Main heat exchanger : cir- 
culaticn rate 8.6 tons/hour, tem- 
perature drop 15°C. 


CONSIDERATIONS ABOUT THE 


roller mainly. 
mula for the flow in that zone as 


Applying the Gauckler-Manning for- 


Zurich. Switzerland, is 
International Organiza- 


quariers at 
the premier 


tion whose object is to promote 
cecperation and facilitate exchange 


cof knowledge, ideas, results of 
research etc. in the sphere of bridge 
& structural engineering among the 
scientists, engineers, builders and 
manufacturers all over the world. 
The Association has been doing 
very useful work by arranging dis- 
cussicns and publishing papers pro- 
moting research, etc. 

A National Group cf the Associa- 
tion was formed in India in May 
1957 so that bridge and structural 
engineers in this country could 
derive maximum advantage of the 
facilities offered by the International 
Association. The National Group 
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HYDRAULIC 


also arranges discussion, publishes 
articles contributed by its members 
and also publishes an Annual Re- 
port which also includes an account 
of the activities of its members. 
The activities of the National Group 
have become very important in view 
of the large number of bridge and 
structural engineering projects that 
are being planned and executed in 
the country. 

Membership is open to qualified 
individuals, and organizations con- 
nected with or interested in Bridge 
and Structural Engineering. 

Engineers and crganizations ccn- 
nected with bridge «and structural 
engineering are requested to take 
part in the activities of the National 
Group by becoming Member or 
Associate Member. Please write to 
Secretariat, Jamnagar House, Man- 
singh Road, New Delhi-11. 


PUMP 


below the roller. By experiments in a flume of 0.30 m 


width and discharges 15 lit/sec <Q < 15 lit/sec the 


Vin fcllowing values are found cut : 
J.= ———— (n’, + n’,) AP n, 
R,,4/3 0.25 0.007 
the two parts of the loss-head can be eliminated and 0.30 0.009 
the co-efficient of roughness for the roller n, will be 0.40 0.012 
worked out, while n, is given for the channel con- 6.50 0.015 
cerned. The velocity v,, and the hydraulic radius 0.60 0.018 
R,, are the mean values for the shooting stream 0.70 0.024 
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The curves of these values are corresponding to 
n.=0 for A -=0 and =0 for A P=1. 
nN, 

For the length of the zone of retardation it must 
be considered if the top roller reaches the low sec- 
tion or if a length |, with a free jet is occurring. In 
the latter case the depth y, with y,<y,<y”, is to 
be found out for the determination of that length. 

7. Conclusion 

For the better knowledge about the conditions 
in the zone of the top roller and especially about 
the jump itself more basic research werk is required. 
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Mr. J. P. Naegamvala is Director of the Engi- 
necring Research Institute, Gujarat State. 


Dr. Ing. P. G. Franke is teaching hydraulics at 
the Institute cf Technology, Munich, W. Germany. 
He is already known to our readers. 


Mr. V. Pappu is Chief Engineer, Electricity, for 
Andhra Pradesh. 


Mr. A. R. Nageswara Rao belongs to the Andhra 
Pradesh State Electricity Board. 


Dr. V. J. Patel working in the Irrigation Depart- 
meni, Saurashtra. developed a strong desire to do 
research in Earth Dam. 
Inspired by the then 
Chief Engineer, Shri 
U. J. Bhatt, Chief Engi- 
neer, Gujarat went to 
Munich, Germany and 
carried out research 
leading to the degree of 
Doctor cf Engineering. 
Then worked in Energo- 
projekt, Belgrade Yugo- 
Slavia and developed 
new design “Designing 
of Earth Dams with up- 
stream slanting Filter” which was read in the “First 
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Asian Regicnal Conference on Soil Mechanics and 
Foundation Engineering”. Another research paper 
“Study cf Pore pressure in Earth Dams with up- 
stream slanting filter and its application in Earth 
Dam Designing” has been accepted for the “Fifth 
International Cenference on Soil Mechanics and 
Foundation Enginecring” meeting at Paris in July, 
1961. Published a few mere research papers and 
was doing research work at Birla College of Engi- 
neering, Pilani while working as Asst. Prof. of Civil 
Engineering. At present he is with the Indian 
Institute of Technology. Kanpur. 


Mr. K. L. Arora worked in the Punjab Irrigation 
fer 8 years mainly on 
the constructicn — of 
Ferozepur Feeder and 
Diversion of River Sutlej 
at Harike Head Works. 
At present working in 
Birla Engineering Ccl- 
lege, Pilani as Demon- 
strator in Civil Engi- 





neering. 
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Economy in Construction 


HE PROBLEM OF ECONOMY IN CONSTRUCTION HAS 
been a pressing one before the country all 
these years. This is especially true of all major river 
valley projects. It was therefore proper that the 
Planning Commission devoted some special siten- 
tion te this problem and have, as a consequence, 
arrived at definite and specific conclusions, These 
are being quoted below from the Third Five Year 
Plan. We hope that these guiding rules will not 
get lost and an attempt will be made by all con- 
cerned to enforce them strictly. 

In many fields cf develcpnient, construction costs 
account for a substantial proportion of the cxpendi- 
ture. There is considerable scope for saving on 
construction costs if attenticn is given to certain 
elementary aspects. While each major construction 
has its Gwn special features. there are five groups 
of factors which specially influence costs : 

(1) Planning. investigations including those of 
raw materials, designs, specificaticns includ- 
ing these for equipment, detailed estimates, 
and preparation of the project including 
phasing of its component elements for cpti- 
mum results, and financial returns ; 

{2} Essential preliminaries for construction like 
staffing, land acquisition, ccCmmunications, 
hcusing, policy and procedure for procure- 
ment of plant, equipment, stores, etc. 

(3) Cheice of construction agency, whether 

departmental, contract, labour cooperatives, 
voluntary organisations, etc. and system of 
centract, codal contract or work order ; 

} Contract precedure such as security deposits, 
earnest moneys, issue of materials, procedure 
for payments, interval between execution of 
work and payment, deviation from original 
specifications or scope and claims for cxtra 
items ; and 

(5) in the administrative set up, delegaticn of 

powers, place of Accounts Officer vis-a-vis, 
Chief Engineer, responsibility and the ade- 
quacy of support, trust and authority vested 
in the principal, executive to discharge that 
responsibility. 

With due care and supervision, it should be 
possible in most cases te avoid unjustified cxcesses 
over estimates of costs as well as delays in keeping 
to the time-schedule for completing the work. 

The question of securing economies in construc- 
tion has been considered in consultation with Cen- 
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tral Ministries and State Governments and there is 

general agreement on the following measures : 

(1) Before a project is undertaken, there should 
be adequate planning of all aspects of the 
project, specially investigations, including 
those concerning materials for construction, 
und a detailed project report giving layout 
of works, details of equipment, phasing of 
component units of the project, cost estimates, 
financial returns ete. ; 

(2) Simultaneous steps should be taken to 

arrange for essential preliminaries of con- 
struction, namely. land acquisition, housing, 
communicaticns, recruitment of staff and 
laying dcwn procedures for procurement of 
plant and equipment and stores, and mate- 
rials budgeting shculd be undertaken in 
detail ; 
Adequate workshop facilities should be pro- 
vided for installing machinery and for 
repairs and overhaul during construction. The 
workshop should also provide training 
facilitics for mechanical, electrical and other 
perscnnel required fcr operating construction 
machinery ; 

(4) In planning for mechanised construction, the 
need for large-scale employment being an 
essential objective of the Plan, a careful 
balance must be struck between use of 
manual labour and machine; the use of 
machinery should be restricted to only those 
works which, if done by manual labour, 
would be unduly delayed or would become 
much more expensive, or which are impossi- 
ble of execution through manual labour ; 

(5) A careful assessment should be made of the 
spare parts required for construction machi- 
nery and other stores, aid prevision should 
be made accordingly so that, on the one hand, 
the work is not held up for want of essential 
stores and spares being available when 
required and, on the cther, there is no un- 
necessary accumulation of inventories ; 

A central design organisation should be set 

up for the project if it is cf sufficient magni- 

tude or for a group of projects of smaller 
magnitude, which will prepare detailed 
designs, field plans, specifications cf machi- 
nery and of civil works, including specifica- 
tions fer materials of construction. This 
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organisation should also prepare designs for 
buildings and lay down norms regarding 
space utilisation ; 

Buildings should be planned ard designed 
on the basis of functional needs. Cost 
reduction can be further secured consistently 
with these needs by putting up temporary or 
semi-permanent construction to the extent 
possible. With optimum space utilisation, 
standardisation, suitable type designs, pre- 
fabrication, adoption of improved techniques 
and control or elimination of items which 
are not essential for the functional needs of 
the building considerable economies can be 
effected ; 

Choice of construction agency, system of 
contract and contract prcecedures are the most 
important factors, besides planning and design, 
which determine the ultimate cost cf the 
project. The agency of construction can be 
departmental, or through contractors or 
voluntary organisations and labour  co- 
operatives. In the case of non-departmental 
agencies, the work can be awarded on a 
cedal contract or a work order system. A 
judicious choice between the agency of con- 
structicn and the system of contract will 
bring about appreciable cost reduction. 
Departmental construction and construction 
through voluntary construction agencies and 
labour cooperatives will avoid unnecessary 
dependence on contractors and also divert the 
profits from the individual to the ccmmunity. 
Voluntary organisations and labour  co- 
operatives should be encouraged and work 
awarded to them on the work order system 
as far as possible ; 


(9) Promptness in payment of running as well 


as final bills is one of the most important 
factors in cutting down costs. Monthly on- 
account payments should be a normal feature. 
Claims for extra items, unless approved in 
advance, should be definitely rejected ; 

Training of personnel for purposes of im- 
proving skills and productivity should be an 
integral part of the construction organisation ; 
In the interest of continuity and building up 
of expertise. transfers of essential technical 


personnel from construction should be 
avoided even though such action may militate 
against departmental rules or conventions, 
and the interests of such personnel safe- 
guarded within the ccnstruction crganisation ; 
A ‘Cost Reduction Unit’ should be estab- 
lished in each major construction project as 
a part of the construction organisation under 
the exclusive control of the Chief Engineer 
of the project. Its functions will be to carry 
out work studies, continucusly analyse factors 
affecting costs, recommend suitable adjust- 
ments from time to time in materials, techni- 
ques, procedures and organisation, evaluate 
the results of such adjustments and keep a 
watch on progress in achieving economies in 
construction costs ; 

A pool of technical advisers for each type 
cf undertaking should be maintained at the 
Centre who, with the background of their 
experience and knowledge and the further 
pool of knowledge made available to them 
by the design and construciicn organisations 
and the cost reduction units, will advise on 
the technical, economic and administration 
aspects of the project and also serve as a 
clearing house of information. As far as 
pessible expenditure on this pool should 
come out of the savings in cost secured 
through its advice ; and 


(14) For each major project, a comprehensive 


completion report should be prepared giving 
the entire history of the project, including 
mistakes which occurred and risks taken, 
remedial measures adopted and lessons 
drawn, so that this report may serve as a 
reference bock and guide to engineers 
charged with the execution of similar pro- 
jects in the future. The preparation of the 
cempletion report should be begun while the 
works are in progress, and events fresh in 
memory and the report completed, as far as 
possible, simultaneously with or soon after 
the completion of the prcject. Technical 
bulletins dealing with various aspects of 
design and construction should also be pre- 
pared at the same time. 
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em giant: 
Under 
harneSs The B 2engine ts2 giant, not in 


size, but in its capacity for work. 

Powerful and lasting, it is an ideal 
power plant for Generator, Pump, 

Asphalt Mixer, Joy Drill, Stone Crusher, 
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? ’ Rice Mill and a host of other applications. 
B 2 Diesel Engine It is an investment for profitable 

20 HP at 1,500 RPM ventures, a power unit with gigantic 

24 HP at 1,800 RPM 


potentialities. 


For your power requirements please write to: 


KIRLOSKAR OIL ENGINES LIMITED 


Kirkee, Poona-3 (India) 
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COOL ENOUGH 
FOR AN 
ELEPHANT... 

















but your industry needs 


FILM COOLING TOWERS 


FORTY years’ experience backs the 
design and erection of ‘FILM FLOW” 
Water Cooling Towers...specially 
designed for your industry and location. 


Whether you are interested in the 
atmospheric or natural draught tower, 
the mechanical forced or induced tower... 
the right type of cooling tower for 

your use can be supplied by us. 


We offer you technical advice and will be 
happy to assist you in solving your water 
cooling problems. Please write to us. 


LARSEN & TOUBRO LIMITED 


Bombay P.O. Box 278 ¢ Calcutta P.O. Box Gio IN SERVICE LIES SUCCESS 
M ulras r. Bay 53247 e New Delhi P.O Box 32:3 
Bangalore P.O. Box 98 e Cochin P.O. Box 55 
Ahmedabad P.O. Box 283 ¢ Lucknow P.O. Box 149 











